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Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
almost every Celestron 
computerised telescope. 





Celestron’s innova 


your iPhone or iPad into your own personal planetarium 


and observatory! 





Available on the 
a App Store 


‘CELESTRON’ 


— 


Astronomia 
Dorking 
01306 640714 
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Celestron®, SkyQ™ and StarSens 


Align and control your 
Celestron telescope 
wirelessly using your 
iPhone or iPad! 
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TECHNOLOGY 


SkyQ Link 
WiFi Module 





tive new SkyQ Link WiFi Module turns 


Special Offer! 


F1 Telescopes Green Witch (South) 

Sittingbourne Bedfordshire | 

01795 432702 01767677025 . . 

Green Witch (North) Widescreen Centre ry 7 ees a" 
West Yorkshire Central London —a 

01924 477719 020 7935 2580 


and specialist dealers nationwide 


w.celestron.ukK.com 


e™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 





All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


AppStore is a trademark of Apple 


Inc. 
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Because we're yet to have agalactic gatecrasher 
invade our star party and.shake the stellar scene 
up like some celestial etch-a-sketch, we can 
still bank on certain spectacles throughout the 
calendar. During the nights of winter in particular, 
extended periods of darkness allow stargazers 
Earth.Evenwithinourown  toglimpse constellations, objects and celestial 
galaxy, our SolarSystemisa eventsthey might not be able to see at other 
drop of waterinaswimming times of year. These graze the skyline, explode 
pool. It's daunting, then, to 
be able to look into a night sky today and see 
not just hundreds of millions of other galaxies, 
but some truly colossal cosmic structures that 
- are many times the mass and size of the Milky’ 
Weve To think that this is a potential future for us, 
as Andromeda begins tomerge with our galactic 
home several'billion years from now and utterly 
change the skies, is enough to send the mind 
reeling. All we can dois to keep looking into 
space and observe giant ellipticals as well as other 


The Seen ckeees le eramaals 
universe, the bleeding edge.” 
of humankind's influence 
on our environment, 1s 
minuscule: less than a grain 
of sand in all the beaches on 





the horizon. Either hemisphere has its trusty 


we take alook at some of the most fascinating 
night sky sights that you'can seein different 
parts of the world. No matter where you live, on 
a mountain in the Atacama Desertora suburb of 
a major city, you can look up on. any night of els 
year and see oy Sores: Pe 


massive galaxies, tosee what our cosmological Pew rete 
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@ Taking on our 
cover feature on 
super galaxies 
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made this huge 
subject look easy 





Sah eKecerln ' 
m Shanna thew 
* herself into this 
issue's hot topic, 
super volcanoes, 
and managed 
not to get burned 


Bek Waiices 





Slee tes pees TeIS\ (ales 













S | y % . 
4 ; 7 7 | / ‘ \ c 
| IN * 
| | 4 
| : Y 
= ! . / y I Y 
i - - —_ ‘ 
| nN y | ‘ 


Oe ea ee ee IGE 
WITH THE UNIVERSE 


This month's most 

incredible images 
of everything space, from 
a terrestrial take-off to 
the far-flung reaches of 
the universe. 
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Super galaxies 


How do these giant galaxies many 
times the size of the Milky Way form? 


Sunrise 
analemma 


Something curious happens when you 
photograph the Sun at the same time 
and day every month for a year... 


Space cleaning 
robots 


Find out about CleanSpace One, 
Earth's orbital vacuum cleaner 


Is life from 
Mars? 


Get a scientist's opinion on whether 
life came to Earth from Mars, here 


Interplanetary 
superhighway 


How spacecraft get around our Solar 
System using minimal fuel 


Giant Magellan 
Telescope 


The enormous telescope that will 
boast sharper images than Hubble 
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Space 
volcanoes 
All About Io, Jupiter's explosive moon 
brimming with volcanoes and red-hot 
magma flows 


Soviet space 
programme 


Five fascinating facts about Russian 
space exploration 


Asteroid 
hunters 


How does NASA plan to grab an 
asteroid and bring it back to Earth? 


Eagle Nebula 


The curious young star-forming 
region of Messier 16 


Chris Hadfield 


The singing astronaut talks to us about 
life on the International Space Station 





Comets 


In celebration of Comet ISON, here are 
ten jaw-dropping comet facts 
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Our top 20 incredible things to 
see through your telescope 
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What astronomical objects can 
you witness over the next month 
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Dodge these stargazing faux pas 
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Soyuz approaches 


On 25 September 2013 the latest three-man crew for the ISS launched on a 
Soyuz spacecraft and docked in just under six hours with the space station, 
where three other crewmembers are already resident, to begin Expedition 37. 


On board the Soyuz were Oleg Kotov, Sergey Ryazansky and Michael Hopkins, 


who will serve a six-month stay in space before returning to Earth. 
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All eyes on SON 


By the time you read this, you'll probably know whether Comet ISON was ; 
spectacular or a dud, but we thought it was worth showing this incredible picture 
of the comet anyway, taken by Nick Howes, Ernesto Guido and Martino Nicolini 
on the Liverpool Telescope. At the time of going to print the comet has passed 
Mars and is expected to begin its closest approach to the Sun in November, when 
_ it will either grow a fantastic tail that could be visible in He night sky on Earth for ° 


weeks or fizzle out and disintegrate. 
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Mars, but not as 
you know it 


This incredible enhanced-colour image of Mars was 
returned by the High Resolution Imaging Science 
Experiment (HiRISE) on board the Mars Reconnaissance 
Orbiter (MRO) on 31 August 2013. The region shown is 
Noctis Labyrinthus, located high on the Tharsis upland in 
the upper portions of the Valles Marineris canyon system. 
In the image two types of windblown sediment can be 
seen. The first are ‘transverse aeolian ridges’ (TARs), which 
_ are the pale ripples across the image that are believed to be 
the result of wind acting on dunes. The second sediment is 
the darker, cloud-like areas where the dunes are made of 
iron-rich minerals derived from volcanic Martian rocks. 
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Antares alight 


The newest vehicle to visit the International Space Station is 
the Cygnus spacecraft, which launched atop an Antares rocket 
on 18 September 2013 from Wallops Flight Facility, Virginia, 
USA. The unmanned cargo vessel, built by Orbital Sciences 
Corporation, took equipment and supplies on its inaugural 
flight to the station. NASA has contracted Orbital to use the 
Cygnus spacecraft to resupply the station under its Commercial 
Resupply Services scheme along with SpaceX's Dragon capsule. 











LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


Into the furnace 


Around 45 million light years from Earth in the 
constellation of Fornax, also known as the Furnace, lies the 
barred spiral galaxy NGC 1097. A ring of stellar formation 
encircles the central supermassive black hole, 100 million 
times the mass of our Sun, in this awesome face-on view 
of the galaxy snapped by the Hubble Space Telescope. 
NGC 1097 is interesting not only for our unique view of it, 
though; it's also a place laden with supernovas, with the 
most recent occurring in 2003. 
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Mars and we don't get a 
SECON Chance” Maver spacecraft in race against 













The recent US government atmosphere and how the solar wind Beutelschies and his team have an enormous thermos. We can pump 
shutdown affected NASA at most interacts with it, ultimately seeking been testing the MAVEN spacecraft out all the air and fill the hollow walls 
levels, but for the time-sensitive to answer the question of where all since its assembly at Lockheed of the chamber with liquid nitrogen: 
Mars Atmosphere and Volatile Mars’s water went. The timing of Martin, Denver, USA, in August last that will take it down to the cold of 
EvolutioN (MAVEN) probe, its 18 MAVEN’s launch is critical because, year. Six months of that have been space. Then, we have special lamps 
November launch window opening not only is the next few months a environmental tests, exposing the at the top of the chamber to simulate 
is more vital than most. “There was pivotal time in the Sun’s 11-year solar spacecraft to the conditions it will the Sun, so we can turn on these 
eSjarelonlhvarclamaelceabyeleloyemiualcements cycle, but the window for achieving experience during launch and in lamps and simulate it baking in the 
government shut down and we had MAVEN 's desired orbit is tiny. “Our space. “We did an acoustics test where Sun or turn them off and simulate it 
to stop work for a couple of days,” primary launch window is 20 days we put the vehicle inside a big sound behind Mars - which is the coldest it’s 
Guy Beutelschies, MAVEN project long and we have about two hours chamber and basically blasted it with going to get during the mission.” 
manager, told All About Space. “They every day when we can launch... sound waves. We put it on a vibration Following its launch, MAVEN 
all understood the criticality of this Earth and Mars are only in a proper table, which shakes the spacecraft to will be inserted into Mars orbit i 
mission so, within a couple of days position for us in that 20-day launch simulate the vibration it feels on the in September 2014 after ten 
we were put on an exemption list that period. If we don't go on time, we rocket. Probably the biggest test we do months in space, followed 
allowed us to continue to work.” have to wait over two years before is called the thermal vacuum test: we by a year conducting ry 
MAVEN is an orbiter designed Earth and Mars get back into the take the whole spacecraft and we put its primary science 


specifically to monitor the Martian proper alignment again.” it in a vacuum chamber, which is like seem | 
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MAVEN's solar Pe deployment being tested: 
all work on the orbiter was temporarily halted 
during the NASA shutdown 





“There was 
| ariel hvala 
interruption when 

dalomeeyVclmatnatcoalt 
shut down and we 
had to stop work for 
a couple of days” 


Guy Beutelschies, 
MAVEN project manager 


Stay up to date... 


.The green spots show the « 
lnydrogen gas cloud around W26 . 
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Space's biggest star 


ed 


is tearing apart 
Dying red supergiant gives clues 
to astronomers about how the 


universe is ‘seeded’ 


The European Southern Observatory 
has discovered that one of the biggest 
known stars in the cosmos is gradually 
disintegrating. Red supergiant W26, a 
massive star 1,500 times the diameter 
of the Sun, is found 16,000 light 
years from Earth in the super star 
cluster Westerlund 1, in the southern 
hemisphere's Ara constellation. 
Scientists have discovered an 
extremely rare cloud of glowing green 
hydrogen gas surrounding the star. It's 
the first ionised nebula, in fact, ever 
discovered around a red supergiant and 
it's rare because normally, stars of this 
spectral class are too cool to make the 
gas glow - it takes a hot blue star or 
smaller, toastier companion to do this. 
The cloud is similar to the one 
that surrounded a star that famously 


went supernova in 1987, prior to its 
explosive demise: SN1987A was the 
best opportunity we'd had to observe 
a Supernova since Kepler's Supernova 
(13,000 light years from Earth) was 
spotted in 1604. By studying W26 and 
its nebula we can glean knowledge of 
the processes of how supergiant stars 
lose mass, which ultimately leads to a 
supernova that seeds a new generation 
of stars and planets. 

The image above was taken by the 
ESO's VLT Survey Telescope at its 
Paranal Observatory in the Atacama 
Desert, Chile. It’s part of a large and 
detailed public survey called VPHAS+ 
that started in 2012 and focuses on the 
Milky Way and uses the VLT Survey 
Telescope to seek out new objects like 
the W26 nebula. @ 


“Red supergiant W26 is a 
massive star 1,500 times the 
diameter of the Sun” 
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World Of Animals 
issue 1, will be available 
on 28 November 


World Of 
Animals 
magazine 
on sale 
now 


From slovenly sloths to predatory 
polar bears, World Of Animals 

is anew monthly magazine from 
the makers of How It Works and 
All About History that takes a 
unique look at wonderful wildlife 
from all over the globe. 

With breathtaking photography, 
captivating stories and stunning 
illustrations, each issue takes 
the reader on a fact-filled tour 
of the planet's favourite wildlife, 
exploring the habitats, behaviour 
and societies of all Earth's 
creatures, great and small. 

On sale on 28 November, the 
first issue includes a look into the 
world of gorillas, an exposé of 
50 animals dangerously close to 
extinction and what can be done 
to save them, plus a bite-by-bite 
account of how great white sharks 
hunt down their prey. 

This groundbreaking magazine 
launches alongside digital 
editions for iOS and Android, 
available from greatdigitalmags. 
com, and is accompanied 
by a brand-new companion 
website: animalanswers.co.uk. 

Be sure to connect on Twitter 
@WorldAnimalsMag and 
Facebook at facebook.com/ 
worldofanimalsmag and let the 
team know what you would love 
to see in forthcoming issues of 
World Of Animals. @ 
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Our gala 
wob a 


It's already known that the Milky 
Way spins on its galactic centre 
but by surveying around 500,000 
stars around the Sun using RAVE 
(Radial Velocity Experiment), a 
team of astronomers has deduced 
that it also ripples and waves like 
a flag in the wind. 


e@ 
ESA's amazing 
3D printing 
The ESA is aiming to create a 
3D printing technique to create 
parts for space missions. It's called 
‘Additive Manufacturing Aiming 
towards Zero waste & Efficient 
production of high-tech metal 
products’... or AMAZE, for short. It 
could translate into massive cost 
and energy savings in the future. 


Balloon ride 
into space 


World View Enterprises is offering 
passengers the chance to balloon 
ride 30km (19mi) into the Earth's 
atmosphere. It's far below the 
100km (62mi) border of space, but 
it will allow the $75,000 ticket 
holders the chance to see the 
curvature of Earth. 


Most distant 
galaxy found 


Two Texan universities have 
discovered the furthest galaxy 
ever detected from Earth. 
Z8_GND_5296 formed 700 million 
years after the Big Bang and is an 
estimated 30 billion light years 
away from Earth. 
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2032" 
™ trythenew 


digital-only 
science mag 


Brain Dump, a first-of-its-kind, digital- 
only science magazine for iPad, iPhone 
and Android devices, is now available. 
This groundbreaking product can be 
subscribed to on Apple's Newsstand 
and Google Play from just £0.69 
($0.99). Built on a new digital platform 
designed by world-leading agency 3 
Sided Cube, Brain Dump delivers a 
flurry of fascinating facts every issue, 
reducing tough-to-grasp concepts 
about science, nature and more into 
bite-sized, easy-to-learn articles. It’s 
for the intelligent and inquisitive, not 
just for those interested in space. It's 
for anyone with an interest in science. 
“Brain Dump is a milestone product 
for more than one reason,” said Aaron 
Asadi, Head of Publishing. “This is a 
brand-new digital publishing initiative 
that will make everyone sit up and 
take notice.” Dave Harfield, Editor In 
Chief, added: “It’s a proud moment 

for us. Since How It Works ' rise to 
dominance, we've worked tirelessly 

to build on its legacy.” The new digital 
publication is the latest addition to 
Imagine's expanding portfolio and 

a free sample issue will come pre- 
installed on the app. @ 


Astronomers in the Ukraine have ie (o\ iene emeacem llc) miss we have had in recent years, 
discovered a massive asteroid on happening is fairly low: € or expect to have in the future. 
an orbit that could see it impact calculations give it a one in 63,000 1999 ANIO is an asteroid nearly one 
Earth in 2032. Dubbed 2013 TV,3<, chance of impacting in 2032, a kilometre (0.62 miles) in diameter, 
the 450-metre (1,500-foot) diameter 99.9984 per cent chance that it will but will more than likely pass 
space rock's current orbit puts its pass us by. NASA's Don Yeoman has within one lunar distance (384,400 
closest pass at a minimum distance been quick to play down thefealistic kilometres/238,855 miles) and has a 
of 4,200 metres (13,800 feet) from threat that 2013 TV,3, poses to Earth, one in 10 million chance of hitting 
Earth, enough for it to be classified stating that “with more observations, Earth in 2027: you're nearly 2,000 
as a potentially hazardous object that I fully expect we will be able to times more likely to be struck by 
could collide with our planet. significantly reduce, or rule out lightning in your lifetime than this 
If it did hit the Earth, it would entirely, any impact probability for asteroid impacting Earth. 99942 
impact with the energy of a 3,200 the foreseeable future.” Apophis, meanwhile, caused a stir in 
megaton bomb, an explosion over 50 2013 TV,35 was discovered by the late 2004 when initial observations 
times bigger than the biggest man- Crimean Astrophysical Observatory gave the 325-metre (1,066-foot) 
made explosive ever detonated on and has since been picked up by diameter rock a comparatively 
Earth, the 1961 Russian Tsar Bomba. other astronomy groups across the high 2.7 per cent chance of hitting 
Over 255,000 square kilometres world and has been given a level 1 Earth in 2029, breaking a Torino 
(100,000 square miles) would be rating (out of ten) on the Torino Scale Scale record at level 4. It was 
laid to waste and the Earth's climate of Earth impact hazards. Technically | downgraded to level’O in 2006 after 
would change significantly in the a ‘minor planet’, the rock is by no further observations eliminated the 
following years as a result. means the biggest or closest near ece)oe AMOI IeNeR(Gnlncee Olas 


Martian crater could be supervolcano 












. An impact crater discovered on Mars have drained away and other volcanic Planet has evolved over the last few 
3 , f 7 could be an extinct supervolcano, features are present in the area, too. billion years. 
Z — according to a study by a team Eden Patera is far from the biggest “This highly explosive type of 
CA of scientists from NASA and the ‘crater’ on Mars at just 85 by 55 eruption is a game-changer, spewing 
as Planetary Science Institute. kilometres (53 by 34 miles) - that many times more ash and other 
we Eden Patera has no raised rim particular accolade would go to Hellas material than typical, younger Martian 
typically seen in impact craters in Planitia, the 2,300-kilometre (1,400- volcanoes,” said NASA's Jacob Bleacher, 
the region, or evidence of ejecta mile) diameter impact basin located a volcanologist. “During these types 
where rock that has been melted by a in the Martian southern hemisphere. of eruptions on Earth, the debris may 
Pak massive impact has splashed outside However, if Eden Patera is confirmed spread so far through the atmosphere 
The small ‘crater’ with big the crater. Furthermore, the basin as a supervolcano, it could help and remain so long that it alters the 
ramifications for Mars has ‘bathtub rings’ where lava could scientists to understand how the Red global temperature for years.” @ 
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We specialise in helping new astronomers to tind 

the right first telescope - whatever your age, ability and 
budget. We'll give you all the help you need to get 

up and running with contidence! 


Call us seven days a week on 01306 640714 tor 


friendly, sound advice and the very best service. 
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on a re the biggest galaxies in the universe - enormous 
Star clouds many times the size of the Milky Way. So 
how do giant elliptical super galaxies form, and what 
~ influence do they have on the universe around them? 


7 Written by Giles Sparrow 
Imagine a galaxy so large that, if it togk the place of Giant ellipticals, sometimes nicknamed super 
the Milky Way, it would not only engulf our galaxy’s galaxies, are the biggest and most massive galaxies 
- immediate satellites like the Magellanic Clouds, in the universe, as Ryan Hickox, assistant professor 
- __ but also swallow up the giant Andromeda spiral 2.5 in the Department of Physics and Astronomy at 
piss a .. million light years away. The idea of a monster on Dartmouth College, New Hampshire, explains: 
ae +. oe this scale might seem outlandish, but in fact there's “They tend to be found in the centres of large-scale 
a A Z a” just such a giant 1 billion light years from Earth, in structures, either groups or clusters of galaxies, and 
fe a. | pth a * the constellation of Virgo. IC 1101 is the elliptical the largest ones have masses around a trillion times 
A v rs super galaxy at the heart of the Abell 2029 galaxy the mass of the Sun, which is around ten times more 
. cluster - a huge ball of red and yellow stars with an than spiral galaxies like our own Milky Way.” Hickox 
| ele aa incredible six million-light year diameter. has dedicated much of his career to understanding 
Www.spaceanswers. ee ) , 17 
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Super galaxies 


these giants - their properties, distribution and, above 
all, the mysteries of their formation. 

As their name suggests, elliptical galaxies are ball- 
shaped collections of stars. While most of the stars in 
spiral galaxies like our own Milky Way orbit around 
a flattened disc, the stars in ellipticals are randomly 
inclined. The result is a galaxy that appears more 
or less elongated or elliptical along a particular axis. 
Small elliptical galaxies vary in size from around 20 
to 50,000 light years across, but giant ellipticals can 
be several hundred thousand light years wide. Even 
bigger ‘cD’ galaxies have huge, diffuse outer layers 
that may be a million or more light years across. 

“One of the key properties of elliptical galaxies is 
that they have very old stars, most of which formed 
probably only a few billion years after the Big Bang, 
and right now they have very little cold, dense, star- 
forming gas in them, so they have very little ongoing 
star formation,” explains Hickox. It's this lack of 
star formation that leaves ellipticals dominated by 
red and yellow stars - these sedate, low-mass stars 
have lifetimes of many billions of years, while hotter 
white and blue stars live and die on much shorter 
timescales, and so die out relatively rapidly if star 
formation stops. “In a galaxy like the Milky Way, you 
might have one Sun-like star being born every year,’ 
Hickox continues, “but a giant elliptical could be ten 
times more massive, and yet have a star formation 
rate ten times slower. One of the major questions 


about giant ellipticals is why they don't have this gas.” 


As well as trillions of individual stars, super 
galaxies are often surrounded by large numbers of 
globular star clusters. These compact balls of up to 
a million stars look rather like miniature elliptical 
galaxies in their own right, and are also dominated 
by old red and yellow stars. Around 150 of these 
clusters orbit in and around our Milky Way galaxy, 
but giant ellipticals such as Messier 87 (one of the 
closest super galaxies to Earth, some 54 million light 
years away at the heart of the Virgo Cluster) may be 
accompanied by many thousands of globulars. 

While smaller ellipticals are found throughout 
the universe, the real monsters are only ever found 
near the centre of large galaxy groups and clusters, 
where their gravitational influence makes a major 
contribution to holding the cluster together. Here, 
X-ray observations show that they are surrounded 
by vast clouds of gas, heated to many millions of 
degrees by tidal forces between the cluster galaxies. 

“We think the reason why that gas is hot is 
because it’s sitting in the gravitational well of the 
whole cluster, which may have a mass a thousand 
times or more than the central galaxy. But one thing 
that's not been clear is where that gas actually comes 
from - has it fallen in from outside, or is it a hot 
‘atmosphere’ produced by evolving stars inside the 
galaxy? You can think of the hot gas in the system as 


“They have very old stars, 
most of which formed _ 
probably only a few billion 
years after the Big Bang" 
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being bound to the galaxy cluster as a whole, but it's 
an open question how much is associated with the 
galaxy itself.” 

At the heart of every giant elliptical lies an 
enormous supermassive black hole that acts as the 
galaxy’s gravitational anchor. These are the largest 
black holes in the universe - super-dense regions of 
Space containing the mass of a billion or more Suns 


squeezed into a volume the size of the Solar System. 


They hold the key to understanding the way that 
super galaxies form and evolve, and as a result have 
become the focus of intense research. 

Learning about the black hole in the first 
place, though, can be a tricky business. In some 
cases, where the hole is actively feeding on its 


ee 





eens Ais a giant elliptical galaxy thought to 
be no more than 10 million light years from Earth 





surroundings, it may give itself away through X-ray 
emissions or by ejecting high-speed jets of particles 
(jets that are now thought to play a key role in 
preventing the cooling of the surrounding hot gas 
and choking off the formation of new stars - see 
Interview with Brian McNamara on page 23). In other 
galaxies, however, the black hole may be dormant: 
invisible by its very nature, it gives itself away 
through its gravitational influence. 

“The most direct way to observe the presence of 
a black hole in a galaxy is by watching the orbits of 
stars in the centre and inferring that the mass that 
has to be present in order to hold the stars in their 
orbits," explains Hickox. “The best example of this 
is from our own spiral galaxy, where we can resolve 
individual stars going around the central black hole, 
but other galaxies are too far away for us to resolve 
the orbits of individual stars. What you can do 
instead is take spectra of the galaxy’'s central regions.” 
By splitting the light into a spectrum of different 
colours and analysing how these change from one 
side of the centre to the other, it's relatively simple to 
work out the speed at which the stars are moving. 

Even this is only possible for relatively nearby 
galaxies, but Hickox points out one way that the 
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Super galaxy | 
With a diameter of roughly 6 
million light years, the largest “ 
known galaxy in the universe allel 
- 1C 1101 - is about 50 times . 


the diameter of the Milky Way. 
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Anatomy of IC 1101 
See ee gt 
per Rp ere 








Hot gas 

A huge halo of X-ray-emitting 

gas surrounds the galaxy, 
extending across the galaxy’s 

halo into the surroundin 
cluster. The gas is thought t 
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Supermassive blackhole 
A black hole with the mass of » 
many billions of Suns is thought® 
to dominate the galaxy’s Core, 
Tel dala oM ecw 4 ele Lele) ar) anchor, 
and.spitting out jets that help. 
keep the surrounding gases hot 
and subdue star formation. 
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Elliptical structure 
The galaxy's structure 

is formed by billions of 
overlapping stars, each in 
their own elliptical orbit 
around its inner core: 


Core region @ 
The core region contains 
most of the galaxy’s mass 
and accounts for most of its 
luminosity - some 2 trillion 
times the luminosity of the Sun. 














® Central location 
IC 1101 lies at the very centre 
of the Abell 2029 cluster - cD - 
galaxies are thought to settle at. 
the centre of their clusters as ‘ ae 
they are slowed down by’ thes... 
gravitational pull from material 
drawn into their wake. 
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Ancient stars 

The galaxy is dominated by 
low-mass, relatively dim red and 
yellow stars - only these stars 
are long-lived enough to persist 
for billions of years after star 
formation has come to an end. 


Extended halo 

Stars in the halo region follow 
orbits that take them up to 

3 million light years from the 
core. The uniformity of the halo 
indicates that it is very old, 
Tale = WE eM AT NM LOM enn omKe) 
become evenly distributed. 


Globular clusters 

Super galaxies are typically 
surrounded by thousands 
of globular clusters, thought 
to be cannibalised from 

oda sme ley sm new al ma e 
previously absorbed. 
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method can be extended. “You can use this kind 

of technique a bit further if a galaxy has a feature 
called a maser - a beam of microwave emission that's 
produced by a chain reaction in the galaxy’s gas. 
Sometimes this will create individual spots near the 
centre of a galaxy, and if we can trace the motion of 
the maser around the centre, that can give us another 
handle on the mass of the central black hole." 

Researchers have used a variety of more complex 
methods and rules of thumb to measure the mass 
of black holes in even more remote galaxies, and a 
remarkable pattern seems to have emerged from 
their results. The size of the central black hole seems 
to increase in line with the mass of visible matter in 
the galaxy, estimated from the combined brightness 
of its stars. 

This evidence has given rise to the most popular 
model for the formation of elliptical super galaxies 
- the idea that they formed from the collision of 
smaller, gas-rich systems whose black holes combine 
together at the same time (see ‘Formation of a super 
galaxy’ boxout on page 22), accompanied by intense 
bursts of star formation and other activity. This 
model explains many of the distinctive features of 
super galaxies, ranging from their stellar populations 
to their lack of gas and dust and location in the heart 
of dense galaxy clusters. It even offers an explanation 
for the hot gas clouds in the centre of clusters. 

The major problem for astronomers, however, is 
that it’s impossible to see this process in action on a 
short timescale - the best we can hope for is to see 
‘snapshots’ of different stages in the process over 
time. How can we be certain that distant interacting 
or active galaxies (existing in earlier, more turbulent 
stages of cosmic history and whose light may have 
taken billions of years to reach Earth) are evolving to 
become present-day super galaxies? 

Recent studies by Hickox and his colleagues may 
provide the missing link. They have been looking at 
the relationship between the central supermassive 
black holes of giant galaxies and unseen ‘dark 
matter’ that does not interact with light but forms 
huge extended halos around the visible galaxies. 
Vastly outweighing visible matter, this material has 
an important role to play in the birth and evolution 
of any galaxy, but can only be detected through its 
gravitational influence on visible objects around it. 

“We can estimate the mass of galaxy halos by 
measuring the spatial clustering of the visible 
galaxies,” Hickox explains. “We know that galaxies 


“You can use this 
kind of technique 
a bit further if 
a galaxy has a 
feature called a 
maser: a beam 
of microwave 
emission 


Ryan Hickox 
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Formation of a 
giant galaxy 


According to the most successful theories, elliptical 
super galaxies originate in the collision of two or 
more gas-rich disc-shaped galaxies, followed by 
further mergers throughout the galaxy’s history. 
These simulations track the evolution of a super 
galaxy over several billion years. 


1. Gas-rich discs 


The light from disc galaxies 
is dominated by young, 
bright and short-lived 

stars that are continuously 
created in disc regions 
filled with star-forming 

gas and dust, and older 

red and yellow stars ina 
comparatively gas-poor hub. 





2. In collision 

When galaxies collide, 
direct hits between stars are 
rare, but tidal forces disrupt 
the spiral arms and cause 
them to unwind. Clouds 

of gas, however, undergo 
head-on collisions that can 
heat them up and drive gas 
out into the galaxy’s halo. 





3. Birth of an elliptical 

5 Stripped of the cool gas 
that can help to form 
new stars, the galaxy 
now consists of older, 
long-lived stars that are 
left in chaotic orbits 
around the nucleus, 
which contains a large 
supermassive black hole. 





4. Continued growth 

The newly formed giant's 
enormous gravity leads to 
more frequent collisions, 
in which they may absorb 
further disc galaxies, 
cannibalise small irregular 
galaxies, or undergo ‘dry’ 
mergers with other gas- 
poor galaxies. 





5. Central member 

Today, super galaxies 

are found at the centre 
of highly evolved, 

dense galaxy clusters. 
Depending on their 
extent and density, they 
can be classed as either 
giant elliptical galaxies or 
cD galaxies. 























XMM-Newton is the most sensitive X-ray telescope 
ever built and a reliable super galaxy observer 





“So in other words, we know what 


galaxies those violent early galaxies 
Will turn into because we know how 
their dark matter halos will evolve" 


Ryan Hickox 


with more massive halos bunch together more in 
space [due to their greater overall gravity], so by 
measuring how tightly clustered the galaxies are, 
we can get an estimate of how massive the typical 
halo is that these galaxies live in. A lot of my work 
has involved looking at distant, growing systems and 
asking what are the masses of the halos that those 
galaxies reside in.” 

It turns out that by estimating the size of halos 
in distant galaxies, Hickox can predict how those 
galaxies will look in the future: “The interesting 
thing is that, because the physics of gravity is fairly 
well understood, then if you have a halo that’s a few 
billion light years away, you can have a pretty good 
idea of what that halo’s going to evolve into. So if we 
know how massive the halo of some distant active 
galaxy is, we can estimate the mass of the halo at 
the present time. The same goes for big powerful 


starburst galaxies. What we've found is that these 
halos are consistent with them living in medium-to- 
large-scale galaxy groups today - and that's exactly 
where we find the massive elliptical galaxies today. 
So in other words, we know what galaxies those 
violent early galaxies will turn into because we know 
how their dark matter halos will evolve.” 

If this seems like conclusive evidence of how 
modern elliptical galaxies formed, it's far from the 
end of the story. “There's still a lot of uncertainty over 
how much different types of mergers contribute to 
the process,” points out Hickox. “Really big galaxies 
like Messier 87 probably had a different history 
from smaller ellipticals, but the general model still 
stands up.” For truly enormous galaxies in densely 
packed clusters, such as IC 1101, the story is probably 
different again - it seems there's plenty still to learn 
about the biggest galaxies in the universe. @ 
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PUD urelpintcainctcca acko 
galactic growth 


Brian McNamara, Professor of Astrophysics at the University of Waterloo in 
Ontario, Canada, explains how galaxies can grow to such a tremendous size 


Why is it important to study the 
ede ely ewe mde ee RRO 
galaxy clusters? 

What's interesting about studying 

a ntom oe raNico me comer Ibe CocmCmearls 
we can see the normal processes that 
occur at the centres of all elliptical 
galaxies in great detail, because 
everything is amped up - we see 
these powerful jets coming out 

of supermassive black holes. The 
black holes are bigger, the jets are 
more powerful, and the mass of gas 
surrounding them is larger, so given 
the instrumentation we have, we can 
study this process we call feedback in 
iaxasentayelel@)UrsMelclr IIR 


Can you explain what the feedback 
process involves? 

The notion of feedback is pretty 
simple - in the late-Nineties we 
discovered there’s a remarkable 

ica) ec1ULo) aa DM BLA ac) Be: eel e eta 

total mass and that of its central, 
supermassive black hole. Their ratio 
is nearly constant, which implies that 
something is governing the growth of 
both - and maybe it’s the black hole 
doing it. The notion that something so 
tiny could regulate the growth of the 
entire galaxy is remarkable and raises 
all kinds of other issues - how do you 
KorcdUNelCcm On Ccm ONE La Cc me lINDRTem Nico ma aT= 
black hole, which is what generates 


www.spaceanswers.com 


the energy, and how does it ‘know’ to 
create enough energy to prevent all 
the surrounding gas collapsing and 
forming stars? 


How can you study the 
mechanisms involved? 

The key observations involve taking 
X-ray images of galaxies and clusters, 
with telescopes like the Chandra 
X-ray Observatory and the XMM- 
Newton observatory. When you take 
a picture of a cluster in X-rays, you 
see X-rays coming from the hot gases. 
These gases are hot because the 
gravitational forces are so large that 
the gases move about and collide with 
each other at enormous speeds. When 
we look carefully we find giant holes 
in the X-ray emission, and these holes 
were blasted out by jets of magnetic 
fields and particles - electrons and 
protons - launched from the vicinity 
of the black holes. The holes can be 
thousands to tens of thousands of 
light years across. Enough energy is 
pumping out of these black holes to 
keep the gas hot and prevent it from 
cooling. The energy is released when 
small amounts of gas cool and fall on 
to the black hole - that’s why it's a 
feedback effect. 


So how widespread is this process? 
There is indirect evidence to suggest 


that it’s prevalent - it’s going on in 
most or all giant elliptical galaxies, 
and some theoretical studies have 
shown that when you include this 

in your models of galaxy formation, 
you can actually describe the overall 
luminosities and sizes of galaxies 
today. We've found 50 or more of 
these things now, pumping out 
energy on a variety of scales. Messier 
87 is the nearest of these systems, 
but it’s actually producing energy at a 
quite low rate - the biggest one we've 
found is nearly a million times more 
powerful. It turns out the amount of 
energy that’s being pumped in is just 
about the right amount of energy you 
need to quench star formation. 


Where do you see this work 

going next? 

The thing we're really excited about 
at the moment is ALMA [the Atacama 


Large Millimeter/submillimeter Array]. 


My group got early science time on 
the project, and we found something 
that surprised the hell out of us. We 
had assumed that we'd see radio 


emissions from gas falling in to feed 
star formation - at a lower rate than 
normal, because of the feedback 
effect, but still happening. But when 
we got our first observations, we 
actually saw this cool molecular gas 
flying outwards. We hadn't expected 
that, because the molecular gas is 
very dense - thousands to maybe a 
million times denser than the gas 
associated with these bubbles. So 
trying to move molecular gas with 
the hot gas would be like trying to 
move a boulder with a garden hose. 
If this turns out to be happening in 
a lot of ellipticals, then the feedback 
mechanism has to be coupled to the 
cold gas as well - and it’s the cold gas 
that ultimately fuels the black hole 
and fuels star formation. So we're 
seeing an extra cog in this chain. 
Feedback is still troubling in many 
ways, because it’s hard to make it 
work conceptually and theoretically, 
but no matter where we look, we see 
it happening. So I think nature is 
teaching us something new about the 
physics around these black holes. 


“We've found 50 or more of 


these things now, pumping 


out energy 
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1. Messier 87 

Size: 1 million light years across 
Mass: 2 Milky Ways 

Messier 87 is our closest cD galaxy, 
with active jets emerging from the 
region around its central black hole. 
Interactions with neighbouring 
galaxies are thought to have truncated 
the growth of its outer halo. 

2. NGC 1399 

Size: 1.3 million light years across 
Mass: 2 Milky Ways 

A relatively small cD galaxy, NGC 1399 
is orbited by around 6,000 globular 
clusters and has a central black hole 
with the mass of 500 million Suns. 
3. Perseus A 

Size: 250,000 light years across 
Mass: 20 Milky Ways 

This complex super galaxy consists 
of a cD galaxy with an active black 





O2 


hole ejecting bubbles of hot gas, and 
a foreground dusty galaxy heading 
towards it on a collision course. 

4. NGC 6482 

Size: 1 million light years across 
Mass: 3 Milky Ways 

This giant elliptical is known as a 
‘fossil galaxy group’ - irregularities in 
the X-ray gas clouds around it allow 
astronomers to trace the original 
galaxies that merged to form the 
central giant. 

5. Centaurus A 

Size: 100,000 light years across 
Mass: 1 Milky Way 

Though relatively similar in size and 
mass to the Milky Way, this giant 
elliptical is one of the closest active 
galaxies to Earth. It’s thought to consist 
of a dusty spiral galaxy in the process 
of merging with an older elliptical. 
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CELESTRON 
Nexstar SLT 127 


The NexStar SLT 127 #Maksutov 

Cassegrain is an affordable mid level 

computerised GoTo telescope, it is loaded 

) 7 ; with valuable design features. Pre 
34 d / x f assembled, adjustable stainless steel 


TELESCOPES, BINOCULARS, SPOTTING SCOPES, MICROSCOPES tripod and quick release fork arms and 
& A WIDE RANGE OF CCD & DSLR CAMERAS & ASTRO tubes, means that the NexStar 127 SLT 
PHOTO ACCESSORIES FOR SCIENTISTS & ENTHUSIASTS | telescope can be set up in a matter of 

= minutes -— with no tools required! 
Enabling you to see details of the lunar 
surface, Venus and its phases, polar caps 
on Mars, Jupiter and its four moons, 
saturn with its rings plainly visible and 
much more! The NexStar SLT127 can 
also be used as a land-based spotting 
telescope. 


Nexstar 127 SLT Goto 
£389.00 


to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 
Lv <5 uP p j 7" 


wWw.sherwoods-pnoto.com 


i | 
Call 020 33 845 187 between 9am — 80m 7 days a week. North Court, Greenhill Farm, Morton Bagot 
Warwickshire B80 7EL 


WWW .3690STrONO MY.COMy | Tel. 01527-857500 Fax 01527-857501 


TOTAL ECLIPSE CRUISE 2015 


15 - 22 March 2015 


Join us on this very special 7-night cruise as we sail from Newcastle to the Faroe Islands from where we will view the 
Total Solar Eclipse of 20 March 2015 from land. This will be the last total solar eclipse visible from Europe until 2026. 


Prices from just £879 per person 


Call 020 7766 5237 
Email info@eclipseofthecentury.com 


www.eclipseofihecentury.com 











This composite image shows the motion of 
the Sun across the sky at a specific time of 
day throughout the course of a year 
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Sunrise analemma 





analemma 


How the Sun creates a figure of eight across the sky 


If you mark the position of the Sun in the sky from 
the same point of Earth at the same time of day for a 
year, would it remain in the same place? The answer 
is no, and it’s because of Earth's tilt and irregular orbit 
around the Sun that this interesting pattern occurs, 
known as an analemma. 
The tilt of Earth is such that from March to 

September Earth's northern hemisphere is tilted 

towards the Sun, while from September to March 


ce it is tilted away from the Sun. This corresponds 
in periods of increased or decreased 
7 temperatures in each hemisphere, 
. SIODSODASCoMecTALG Menno 


What it also means, though, is 
a that the Sun rises to a different 
. height in the sky at different 


times of the year. In the northern hemisphere in late 
June the Sun is at its highest point, known as the 
summer solstice, while conversely the Sun rises to its 
lowest point in late December, the winter solstice. The 
opposite is true for the southern hemisphere. 

You might think, though, that the analemma 
J aYo)bN GM oom tee Mclu ried slam ben Ccmm ela elm nreTOmOOvisma lau (eel t-te 
shape. The reason that is not the case is because 
De VadekcMeya dy Lme-TKOLUD CG MU BToMSUNDMCMSNCcan lah mbeKa cab Dem i slael 
our planet moving slightly closer and further from the 
Sun in the time it takes to orbit, one year. 

Therefore if you mark the position of the Sun at 
a particular time of day throughout a year, you will 
notice that it creates a figure of eight across the sky. 
This pattern is a combination of both the tilt of the 
Earth and our irregular orbit around the Sun. ® 








FutureTech CleanSpace One 


CleanSpace One 


No piece of space junk is safe 
as the first orbital janitor, CleanSpace 
One, looks set to rid Earth of its clutter 









'» 2. Ejection into orbit 

| Firing its engines and propelling 
itself to an even higher altitude 
of around 80km (50mi), the 
shuttle releases a vessel. At 
700km (435mi), CleanSpace 
One is in space. 









') 3. Ready for approach 
Once CleanSpace One is 
released, the craft positions 
itself into a target orbit, ready to 
intercept its quarry at a speed of 
28,000km/h (17,000mph). 











1. Blast off! 
Inside a Suborbital Reusable 
Shuttle onboard an Airbus 
A300 jetliner, CleanSpace 
One is launched from the 
Earth's surface to a cruising 
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In line with its prey, 
the satellite extends 
a four-pronged arm 
that is skilled in 
precisely plucking 
the high-speed 
debris from orbit. 
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CleanSpace One - the all-new cleaning satellite 
that gets into those hard-to-reach places. Namely 
outside the confines of our own planet, sweeping 
up the remains of rockets and satellites totalling 

a whopping 370,000 pieces of space junk that 

orbit at speeds of more than 17,400 miles per 

hour (28,000 kilometres per hour). And, while 

this robotic janitor might sound like something 
straight out of a science-fiction movie, CleanSpace 
One's Swiss creator, who is headquartered at Ecole 
Polytechnique Fédérale de Lausanne (EPFL) in 
Lausanne, Switzerland.and currently in the process 
of building the craft, is serious about giving Earth’s 
orbit a bit of a spring clean with a view to launching 
‘the 30-kilogram (66-pound) ‘hoover’ no later than 
2018. A’ helping hand-of around $16 million (£10 
million) is backing the project. 

Loving the jobs that astronauts hate, CleanSpace 
One, which measures just 30 centimetres (11.8 
inches) in length, will feature flexible tentacles 
capable of gripping any abandoned satellites, such 
as those as small as a ten-centimetre (3.9-inch) 
CubeSat. By unclogging Earth's orbit, the new 
Nneticm all More putting our planet's atmosphere-to 
good use, diverting the space debris Earthwards and 

using the atmosphere. as a type of furnace as its 

_ prey burns up on re-entry. 
Partnering with Swiss Space Systems, 
EPFL has planned a three-phase launch 










5. A tight hold — 
Grappling with its piece of 
space junk, CleaanSpace One 
will intercept its first piece 
of debris no later than 2018 
- with its first target set to 
be the defunct Swisscube 
picosatellite or its non- 
operational cousin, Tisat. 


system for CleanSpace One that cuts costs and will 
be capable of launching other vehicles or satellites, 
up to 250 kilograms (550 pounds), into space, too. 


The tiny debris-buster will nestle inside a Suborbital. 


Reusable Shuttle (SOAR) on top of an Airbus A300 
jetliner. Once the plane reaches a cruising altitude, it 
gives the go-ahead to release its shuttle, the engines 
on which take it up to an even higher altitude of 
some 80 kilometres (50 miles) before ejecting a | 
vessel, in this case CleanSpace One. A further 700 
kilometres (435 miles) sees CleanSpace One spring 


__ forth into Earth's littered orbit. 


Confronted with countless pieces of space debris; 


the satellite will extend a grappling arm, skilled in =. 


not just capturing relatively tiny pieces of junk-but 
those travelling at eye-wateringly fast speeds, too. 
The first of two of its initially planned targets - the 
dead Swisscube picosatellite or its defunct cousin 
Tisat, both of which are 1,000 cubic centimetres 
(61 cubic inches) in size - will be disposed of before 
moving on to the next piece of clutter. 

The amount of space debris orbiting our planet 
has reached tipping point. We are losing control 
of our environment and, if we don't look to tackle 
the problem soon, we'll be left with a worry right 
above our heads. Launching future spacecraft - both 
manned and unmanned - could prove disastrous if 
speeding fragments and wreckage pummel them 
as they exit the final layer of our comparatively 


CleanSpace One 





protective envelope - just like in the new Hollywood 
movie Gravity. 
And it's not-just the satellites of the tiny variety 


_ we need to worry about. Larger chunks of metal 


pose.an even greater risk as they don't fully burn up 
on re-entry, smashing into our surface and leaving 
Le COP SEI MCCAE RI lao nm lema ebm Cl Coe | 

Unable to ignore the importance of Earth’s dire 


~ need for housekeeping + especially when in 2009 


Piel Iridium satellite was thrown into a collision with 


* an inactive Russian orbiter, creating around 2,000 ° 


my ectesi debris - other teams of scientists and 
engineers are also bringing their own ideas to the 


| table to take part in the clean-up. In the running to 
* “ compete with CleanSpace One to de-clutter Earth 
orbit are Texas A&M University’s Sling-Sat, which is 


a space sweeper capable of hopping from one piece 
of debris to another without the need for much fuel, 
and the Defense Advanced Research Projects Agency 
(DARPA)'s Phoenix programme which will comprise 
robots capable of scavenging useful parts from 

space debris, allowing new satellites to be crafted. 
And that’s not all, ESA also ‘has its finger on the 


. pulse with its plans to launch Automated Transfer 


Vehicles, which would use optical sensors to gather 
orbiting trash and pull it to Earth. © e 

With so many wonderful plans to rid orbital space 
around Earth of space junk, we can look forward to 
killing all known space junk, dead. @ 


‘> 6. One piece down 

- Completing its manoeuvres 
successfully, the orbital janitor is 
now ready to dispose of its defunct 
satellite by plunging it into the 
Earth's atmosphere, where it burns 
up harmlessly during re-entry. 
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Is life from Mars? 
ee 


Could we all be Martians? We put the theory that life on 
Earth is of extraterrestrial origin under the microscope 


Written by Jonathan O'Callaghan 
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Is life from Mars? 


Around 4 billion years ago the chemical constituents 
of life stewed in a primordial soup on Earth. 
Gradually, over time, this formed primitive single- 
celled microbial life, which later evolved into multi- 
cellular life. Over the next few billion years this life 
gradually evolved into the species that inhabit the 
Earth today, from plankton to people. Those first 
ingredients of life formed on Earth itself, with no 
external input. 

That's the widely accepted theory as to how life on 
Earth began, but not all are convinced. Some are sure 
that life on Earth began elsewhere, being transferred 
to Earth by comets or asteroids, where it gained a 
foothold and evolved into modern life forms. One 
theory that has risen to the fore in the last few years 
is that this life originated on Mars, given credence 
by the discovery made by NASA's Curiosity rover 
that the Red Planet was almost certainly wet, and 
possibly habitable, in its distant past. 

It's a theory that has been met with harsh criticism 
at worst, and mild trepidation at best. ‘Extraordinary 
claims require extraordinary evidence,’ is an oft- 
quoted retort to such theories, but some scientists are 
convinced that such extraordinary evidence is not 
beyond our reach. 

One of the main proponents for life originating on 
Mars is Professor Steven Benner of the Westheimer 
Institute of Science and Technology in Gainesville, 
Florida, USA. Presented at the Goldschmidt Meeting 
in Florence, Italy earlier this year, Benner described 
how the early conditions on Mars might have been 
more suited to the building blocks of life than the 
young Earth. 

Life as we know it requires three crucial 
ingredients, namely RNA, DNA and proteins. RNA, 
or ribonucleic acid, forms through a difficult process 
of ‘templating’ atoms on the crystalline surface of 
minerals. The minerals required for this templating 
to occur would likely have dissolved in the seas of 
the young Earth if it was covered in a global ocean, 
as has been suggested, but they could have more 
easily existed on a drier Mars according to Benner. 
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NASA's Curiosity rover found evide 
of an ancient streambed on Mars, 
supporting the postulation that the Red 
| Planet was once wet and habitable 
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The ALH84001 meteorite, which some scientists 
say Gattied evidence of life from Mars 


I would certainly give — 
my odds of life originating 


on Mars as right now : 
about 50:50" (| : 





“I would certainly give my odds of life originating 
on Mars as right now about 50:50,” explains 
biochemist Dr David Deamer of the University of 
California, Santa Cruz, USA. “I think Mars, at one 
point, based on recent observations, had the kind 
of conditions that would allow simple replicating 
systems to appear. The question of whether 
these then were delivered to Earth is much more 


problematic, and it’s a possibility although I don't 
think necessarily a plausibility.” 

Benner's research is based around the assumption 
that Earth was once wholly covered in water. This 
might sound conducive for life but, in fact, it is quite 
the opposite. Life is dependent upon polymerisation 
chemistry, which is the process through which 
simple monomer molecules are reacted together to 
form complex polymers. In basic terms, life forms 
through the bonding of simple molecules, such as 
amino acids and nucleotides, into polymers such as 
proteins and nucleic acids respectively. 

For this to happen, however, water molecules 
need to be pulled from between monomers. If Earth 
really was once covered in a global ocean, as Benner 
suggests, then this would have been incredibly 
unlikely to occur. For monomers to form polymers, 
there needs to be a wetting and drying environment, 
something a completely wet Earth could not provide. 

Benner says that while Earth was covered in a 
global ocean, Mars was not. The Red Planet instead 
only had shallow oceans where the minerals 
essential for the origin of life would have been 
more likely to occur. Dr Deamer, however, isn't so 
convinced by this aspect of the theory. 

Our observations of Mars heavily suggest that it 
would have had volcanic activity that would have 
caused land to rise up from the oceans, producing 
large land masses on the Red Planet where life could 
form. Benner's assumption is that this same volcanic 
activity did not occur on Earth 4 billion years ago. 
“My disagreement arises from his assumption 
that Earth was covered by a global ocean,” says Dr 
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Is this what Mars 
once looked like? 


Wet and dry 

Life would have more easily 
formed at the boundary 

of water and land where it 
could have gone through 
Uomo) ad laroare yale mel AVL ays 
process needed to evolve. 


Volcanic activity 
Research suggests that 
many of the land masses 
at higher elevation we 
can see on Mars today 
were formed by volcanic 
activity in its past. 


Valles Marineris 
One of the largest canyons in 
the Solar System, it is thought 
that at least part of Valles 
Marineris was formed by 
eWeek 
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Northern hemisphere 
The northern hemisphere 
of Mars is at amuch 

lower elevation than the 
southern hemisphere, 
leading some scientists to 
speculate it was once the 
location for a huge ocean. 
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Evidence for water on 
Mars remains at the poles, 
where large quantities of 
ice are still present in the 


modern day. 
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Atmosphere 
Mars has since lost its 
atmosphere, but it's 
thought it had one 
billions of years ago that 
enabled water to remain 
liquid on the surface. 


Impact 

An impact on Mars 
could have flung some 
life-harbouring rocks in 
the direction of Earth, 
but would they have 
survived the journey? 
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5 reasons life 





Earth eT 
coem ot 


If Earth was indeed once covered in a global ocean, it 
would not have been able to support the constituents 
of life as they would probably also require dry land. 


Whee eS 
once habitable 


Evidence suggests that Mars not only had water 
in its past but also a-thicker atmosphere, which 
would have enabled life to form on its surface. 





Rare bacteria 
Some rare forms of bacteria have magnetite that 
can be used as a biological compass to follow 


the magnetic field of Earth. They have also been 
found in the Martian Allan Hills meteorite. 


WC tC 
reach Earth 


We know that meteorites (some from Mars) 
regularly make it to Earth, even in the modern 
day and much more so in the past. Could one 
of these have brought the ingredients for life? 


Volcanic 
activity 


Mars is thought to have been volcanic 


in the past, which would have provided 
land upon which primitive life could form. 


Deamer. “Mars had volcanic activity without a doubt, 
but I don't see any reason why those same volcanic 
activities would not have occurred on Earth and that 
volcanoes would have arisen out of the early ocean.” 
Evidence for this occurring on Earth is apparent 

due to islands such as Hawaii and Iceland, so Dr 
Deamer suggests “it's likely that we had volcanic 
activity producing land masses above the global 


ocean, and this was likely the case on Mars as well.” 
If this was the case, there's no reason that life could 

not have begun on Earth. In fact, Dr Deamer and his 

team are currently in the process of finalising some 
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come from Mars... 


groundbreaking research into producing life akin to 
what might have been on Earth 4 billion years ago. 
“We're now at the point where we can put together in 
the laboratory systems of molecules that have some 


of the properties of a primitive form of life,” explains 
Dr Deamer. “We haven't got that to reproduce yet, but 
I can see looking just a few years in the future that 
the progress is such that we will have a laboratory 


“Many meteorites from Mars have 
landed on Earth and it is on these 
meteorites that Benner suggests life 
could have been transported" 





www.spaceanswers.com 





demonstration of a replicating chemical system that 
has the properties of life.” 

Benner's theory continues that, assuming life did 
begin on Mars and not Earth, there is then the issue 
of how this life was transported to our planet. Many 
meteorites from Mars have landed on Earth, having 
undertaken journeys of millions or perhaps billions 
of years, and it is on these meteorites that Benner 


suggests life could have been transported. 

One such meteorite, known as Allan Hills (ALH) 
84001, is a popular piece of evidence favoured 
by proponents of the ‘life from Mars’ theory. The 
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Is life from Mars? 
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have begun on Earth 


meteorite, which was discovered in Allan Hills, 
Antarctica in late December 1984, was thought 
by some to contain microscopic fossils of Martian 
bacteria. The presence of this fossilised bacteria, 
however, is the cause of much contention. If true, 
it would confirm that life really could have begun 
on Mars and, perhaps, the ingredients for life on 
Earth could have been transported by an asteroid. 
The theory is that ALH 84001 was blasted from the 
surface of Mars around 4 billion years ago before 
making its journey of 225 million kilometres (140 
million miles) to Earth. 











Life could have 
Cwm ila ee 


Most evidence suggests that Earth had a volcanic 
beginning just like Mars, which means it would have 
had land masses upon which life could form. 


It was habitable 


Unlike Mars we know for certain that Earth was and still 
is habitable as we're still here and there's evidence for 


_ life stretching back to the earliest of days. 


The distances 
are extreme 


Life travelling from Mars ‘on an asteroid to Earth 
would have to make a daunting journey of 225 million 
kilometres (140 million miles), which leads us to... 


Harmful 
radiation 


The journey from Mars to Earth is fraught with peril, 
not least from the huge amounts of radiation that 
would kill any unprotected life attempting to migrate. 





Ce mee 
extraterrestrial life 


Theories of life existing elsewhere, let alone originating 
there, are pure conjecture. So far there is only one world in 
the universe we know to have life, and that is Earth. 


"The main deal [with ALH 8400]] was that things 
looked like they might be fossils,” says Dr Deamer, 
“and that was done using a scanning electron 
microscope and, sure enough, there's stuff that looks 
like it might be fossilised bacteria. However, there are 
a bunch of minerals that can also look similar to that, 
and if you're going to make an extraordinary claim 
like ‘this is a fossil’, you must have extraordinary 
supporting evidence. When people looked at all that 
evidence critically they were not convinced. It was 
not sufficient to get the jury of peers who are critical 
and sceptical scientists to agree.” 
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Is life from Mars? 


In January 2013, scientists on NASA‘s Astrob 

Icy Worlds team ran experiments to see if OF 
| molecules could be brewed in a simulated ocean, 
| like that found on the young Earth 


Another problem with the suggestion that life 
was carried to Earth on an asteroid is the enormous 
distances mentioned earlier. Space is a harsh 
environment; outside the protective magnetosphere 
of Earth, radiation from the Sun and outside the Solar 
System is deadly to almost all forms of life. Some 
meteorites are thought to have taken hundreds of 
millions or billions of years to reach Earth, and for 
any form of life to survive that long on an asteroid 
seems somewhat implausible. Some suggestions 
that life could reside inside such space rocks is also 
unlikely, as the relatively small size of asteroids 
would be unlikely to provide sufficient protection 
from harmful radiation. 

This is where another theory of life on Earth being 
of extraterrestrial origin, true panspermia, has been 
met with unreserved scepticism. True panspermia is 
the theory that life did not originate on Earth, but nor 
did it originate on Mars; proponents of this theory 
suggest that life began elsewhere in our galaxy, 
perhaps in another planetary system, before being 
transferred here. 

One proponent of this theory is the somewhat 
controversial astronomer Chandra Wickramasinghe, 
professor and director of the Buckingham Centre for 
Astrobiology at the University of Buckingham, UK, 
whose theories of true panspermia, which he formed 
alongside the late astronomer Sir Fred Hoyle, have 
been met with a critical reception. 

“The total [number of exoplanets] has been 
reckoned by some NASA scientists at 144 billion 
Earth-like planets in our Milky Way alone,” explains 
Wickramasinghe. “If you accept that estimate then 
the nearest Earth-like planet to us is only three 
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“While true panspermia might seem 





a bit far-fetched, the possibility of life 
ig et Mars 1s one that certainly 
t 


merits fur 


or four light years away, which is sort of spitting 
distance in cosmic terms. So the position I have 
maintained is that life on Earth is most unlikely to 
have originated on Earth." 

Wickramasinghe's view of true panspermia is that 
all life began at a similar time at the dawn of the 
universe, spreading between the planets and stars in 
the process. It’s a contentious theory to say the least; 
there's not a lot of evidence to support it. “The whole 
process of the origin of life occurred maybe very 
early in the history of the universe, maybe in the first 
100 million years after the Big Bang,” he says. “This 
was when the universe was compact, much smaller 
than it is now, and communication between one 
planetary system and another was more intimate. 

I think life began not in a puddle on Earth, but in 
the totality of a planetary puddle that existed at the 
dawn of the universe. There's no way that life can be 
confined to one place, is my conclusion.” 

Dr Deamer, however, was quick to point out a 
key problem with true panspermia. “If you look at 
the distances involved in true panspermia, things 
getting to us from other solar systems in our galaxy, 
the mathematics make it virtually inconceivable that 
anything could travel those distances and stand up 
to cosmic radiation long enough to make it to Earth,” 


er investigation’ 


he explains. “So you've really got to look at the maths 
and the physics of what would be required to get 
something even from the nearest star about four light 
years away travelling at way below light velocity to 
get here. These things would take billions of years 
to get here and they'd be exposed to all kinds of 
ionising radiation in the interim, so it just seems 
highly implausible that panspermia is going to stand 
up to that kind of critical analysis.” 

While true panspermia might seem a bit far- 
fetched for now, the possibility of life originating 
on Mars is one that certainly merits further 
investigation. As is the case with theories of this 
sort, however, Occam's razor often holds true: the 
simplest answer, in this case that life began on Earth, 
is normally correct. 

“We do know that pieces of Mars get to Earth, 
we do know that organic compounds were probably 
on Mars and we do know that [those compounds] 
could come in a Martian meteorite,” surmises Dr 
Deamer. “In scientific judgement it’s still at a level 
of being implausible, but it’s less implausible than 
true panspermia.” 

So, are we Martians? It'll take some extraordinary 
evidence to prove that we are but maybe, just maybe, 
that evidence is just waiting to be found. @ 
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Interplanetary superhighway 


Interplanetary 
superhighway 
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How spacecraft can use gravity, or lack thereof, to a ¥ a 
hitchhike through the Solar System Oe rere 
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FutureTech The Giant Magellan Telescope 


@ 
__ Adaptive optics system 
A number of the GMT's components 
allow the telescope to compensate 
for variable atmospheric conditions. 
This includes a deformable 


secondary mirror that flexes to 
refocus light. 


eS 1a lkae Leela le AYALA ALOE 
According to a Gregorian telescope 
configuration, light from the primary 


is reflected on to a concave secondary 
mirror, which is reflected back through 
the hole in the centre of the primary. 


| | . ( é > Primary mirrors 
_ Seven primary mirrors 


measuring 8.4m (27ft) and 
suiesitlatn Rom (oa Cccleecl ty tiitge pena 
astronomy: an enormous Deere oe ata 
mountain-top telescope with 
the world's biggest optics 
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Construction of the Giant 
Magellan Telescope is expected 
to be completed in 2020 
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The primary mirror of the 
Giant Magellan Telescope will 
consist of seven mirrors when 
completed, although it can 
function on just four 


~~ Laser guide 
As a part of its adaptive 
optics, a bright yellow 
sodium-layer laser 
beacon will be used to 
create a bright spot - a 
‘guide star’ - in the 
sky from which optical 
corrections can be made. 
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— Careful blasting and seismic testing has been 
conducted by a mining firm to create rock- 
solid foundations for this highly sensitive, 
38.7m (127ft) tall telescope that will weigh 
1,125 tons when completed. 
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On top of Las Campanas Peak, over 2,550 metres 
(8,500 feet) above sea level in the Atacama Desert, 
Chile, the ‘next class’ of terrestrial super-telescope is 
under construction. The Giant Magellan Telescope 
is being built by the GMT Organization in the same 
region as a number of other notable telescopes 

and instruments. These observatories are all 
concentrated in this part of the world because 

id alomaysqU Cc) D ACs) hyYMOD Mae H bm DaLe Mem ecTeRNr lI MCocIbNLRmEE 
remarkably clear skies, making it one of the most 
suitable places for telescope astronomy in the world. 
The GMT project, however, will offer views of the 
universe that will put even the most famous space 
telescope of today, Hubble, to shame. 

The site of the GMT alone has seen specialised 
preparation far beyond that even of a tall skyscraper. 
When magnifying light on this scale from thousands 
of light years away, the rotation of the Earth must 
be countered precisely to avoid the focal subject 
spinning out of shot. The slightest vibration will 
also cause the image to blur, so the GMT has to be 
anchored in extremely firm foundations. A mining 
company was commissioned to conduct seismic 
tests and then to remove 90,000 cubic metres (over 
three million cubic feet) of hard bedrock on the Las 
Campanas Peak site, with 200 micro-detonations 
that fractured no more than a metre or two into the 
rock. It means that the GMT will have an extremely 
stable grounding that will compensate for vibrations 
from tectonic movements, vehicles and man-made 
vibrations as well as those generated by the rotation 
of the telescope itself. 

Developed by scientists and institutions based 
in Australia, the United States and South Korea, 
the Giant Magellan Telescope will boast six off-axis 
8.4-metre (27-foot) circular mirrors around a central 
on-axis mirror, in a configuration reminiscent of the 
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inner part of the James Webb Space Telescope's 
primary mirror. These are cast in a rotating 
furnace that uses centrifugal force to achieve the 
parabolic shape required of the mirror. The first of 
the primary mirrors was cast in 2005, but it took 
a further six months to cool and, incredibly, the 
grinding and polishing process was still ongoing 
when the second mirror was being cast in 2012. 

As a reflector, the GMT will focus light from 
objects in space from the large primary mirrors, 
on to the secondary mirrors and from there to the 
advanced charge-coupled device (CCD) cameras. 
Because its total optical surface will measure 
24.5 metres (80 feet), it will have up to ten times 
the light-gathering ability of any telescope, so 
the images created by its CCD cameras will be 
more detailed than almost any astronomy image 
created today. Furthermore, the GMT’s secondary 
mirrors aren't made of the same rigid material 
that the primary mirrors are made of. Adaptive 
optics are used for this part of the telescope, using 
deformable mirrors with hundreds of actuators 
attached to their underside. These are controlled by 
sophisticated computer software, flexing the mirrors 
accordingly to compensate for the variable effects of 
atmospheric distortion that even the thin air high 
up on the Atacama plateau has on the light coming 
through from space. 

As a result, when the GMT project is finally 
completed in 2020 it will be able to claim a much 
greater image resolution of up to ten times sharper 
even than the Hubble Space Telescope. It’s hoped 
that, among other observations, the Giant Magellan 
Telescope will be able to pick out exoplanets and 
other difficult-to-see objects in unprecedented 
detail, perhaps even helping to discover life on 
another world. 


©GMTO Corporation 
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All About Io 


All About...1O 


Jupiter's innermost orbit is home to a moon with 
the most violent tectonics in the Solar System and a 
surface brimming with hundreds of space volcanoes 


Written by Shanna Freeman 
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The innermost of Jupiter's Galilean 
moons, Io is very different from the 
others. It’s mostly silicate rock and has 
almost no water, unlike Ganymede, 
Callisto and Europa. It has more 
geologic activity than any other object 
in the Solar System. Io's appearance 
- a blotchy yellow, red, black and 
green - is due to its highly sulphuric 
content and an ever-changing surface. 
The volcanism is not only responsible 
for the moon's appearance, it also 
influences the magnetosphere of 
Jupiter. But that’s only fair, since 
Jupiter is partially the reason for the 
volcanism in the first place. Jupiter 
and the moons Ganymede and 
Europa are engaged in a tug of war, 
their gravitational forces distorting Io, 
heating the moon - known as tidal 
heating - and causing magma to force 
its way to the surface. 

Io is slightly larger than the Earth's 
Moon with a radius of 1,821 kilometres 


riety 


(1,132 miles), but its mass is about 20 
per cent greater than the Moon's. It 
isn't completely circular, but more 
of an ellipsoid, with its longer axis 
pointed towards Jupiter. It has a 


greater mass and volume than Europa, 


but less than Callisto and Ganymede. 
Io orbits so close to Jupiter that it 
orbits nearer to the planet’s cloud 
tops than our Moon orbits Earth - 
350,000 kilometres (217500 miles). It 
is 421,800 kilometres (262,000 miles) 
from Jupiter's core and lies between 
the moons Thebe and Europa. 
Because of its closeness to Jupiter, 
Io passes through its magnetic field 
and generates electricity across its 
surface. Jupiter's magnetic field also 
strips material from Io's surface. The 
interaction between Io and the planet 
inflate the latter's magnetosphere to 
twice its expected size. 

Like the other Galilean moons, Io 
is tidally locked to Jupiter. It takes 


magnetosphere 


Io doesn't have much of an 
atmosphere; it’s extremely thin and is 
mainly sulphur dioxide, with traces of 
sulphur, sulphur monoxide, sodium 
chloride and oxygen. It changes 

with volcanic activity and the time 

of day, and also varies depending 

on where on the moon it’s being 
observed. The atmospheric pressure 
is extremely low, which means that _ 
the atmosphere doesn't have much 
effect on the moon's surface.It 
redistributes sulphur dioxide frost and 


l ds volcanic plumé deposits, __ 
aiSO Spreads volcanic plume CPOslts 


Jupiter's magnetosphere strips the 
gases from Io's atmosphere, but they 
are constantly being replenished-by. 
volcanic activity. 
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Neutral sodium cloud 
Surrounding lo at a 
distance of up to 15 times 
Jupiter's radius, this cloud 
of neutral sulphur, oxygen, 
sodium and potassium 

ON Tae IKMIKO NMA 
volcanic activity on lo. 


“Voyagers 1 and 2 passed Io 


in 1979, revealing surprises 
about its surface:a huge 
amount of volcanic activity 


42.5 hours to complete one orbit, and 
it orbits in a mean-motion resonance 
with the moons Ganymede and 
Europa. This 4:2:1 resonance means 
that for every four rotations of Io, 
Europa rotates twice and Ganymede 
rotates once. The resonance maintains 
Io's orbital eccentricity of 0.0041, 
which keeps Io tidally heated and 
active. Without this resonance, Io's 
orbit would have become completely 
circular and it probably wouldn't be 
geologically active. 

While Io was discovered with the 
other Galilean satellites, it remained 
mostly mysterious until Pioneer 10 


lon flux tube 

This electric-current is 
generated by Jupiter's 
magnetic field lines 

and connects lo's 
atmosphere to Jupiter's. 
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and 11 performed flybys in 1973 and 
1974 and gave us an idea of its size, 
density and composition. Voyagers 

1 and 2 passed Io in 1979, revealing 
surprises about the moon's surface. 
Although we expected to see impact 
craters, there were very few of them, 
and the reason soon became clear: 

a huge amount of volcanic activity. 
In 1995, Galileo observed volcanic 
eruptions and recorded data about 
the moon's composition. More recent 
observations have allowed us to 
compare images of the surface over 
time, illustrating that the greatest 
constant on Io's surface is change. @ 





Magnetic field lines 
lo crosses into Jupiter's 
magnetic field lines, and 
has a huge influence on the 
magnetic field of the planet. 


Plasma torus 


This belt of intense radiation 
contains ionised sulphur, oxygen, 
sodium and chlorine from the 
neutral cloud, and co-rotates 
with Jupiter's magnetosphere: 


ee 
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A330km 
(210mi) high 
plume erupts 
from Io's 
Slee lee 


Io is about the same size 
as the Earth's moon, 
but this odd-looking, 


volcanically active 
moon couldn't be 
more different 
from our grey, 
dead satellite 
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By the 
numbers 


Jupiter on one side, 


etre S and Ganymede and 
Europa on the other 





The amount of 
distortion on 
the surface of Io, 
thanks to a tug 





The diameter of some of the 
largest red rings caused by 
sulphuric volcanic plumes 


153°C 


Despite all that volcanic 
activity, Ios mean 
ternperature is about the 


same as Jupiter's other Penge darea 
of an Ionian eruption 
Galilean moons observed from Earth on 
23 August 2013 - one of 
the largest ever 
The predicted 

number of active 
volcanoes found The estimated power 
generated by the tidal 
OT) Io processes that heat Io 


The speed at which 


volcanoes eject material on 
< | S Io, much faster than Earth's 
volcanic eruptions 


The estimated temperature of the 
volcanic eruptions on Io 
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lo: inside and out 


From the mantle to the crust, Io's tectonics are 
a direct result of its place in the Jovian system 


Io is unusual in that it is more Earth-like in 
composition than most of the other moons in the 
Solar System, with silicates and iron as the primary 
elements. It is also denser than any other moon in 
the Solar System. Io's core makes up a little less than 
a quarter of its mass, but unlike the Earth's core, it is 
not convecting. The moon's core may be all iron or a 
mixture of iron and sulphur. The mantle surrounding 
the core is partially molten, high in magnesium and 
higher in iron than the Earth's mantle. The partial 
melt comes from tidal heating, which keeps the 
moon stretching and contracting. Io's melted layer, 
or ocean, may be as deep as 50 kilometres (31 miles) 
below the crust and reach temperatures over 1,200 


Pere ee 
to the crust 


degrees Celsius (2,192 degrees Fahrenheit). This 
highly pressurised magma ocean attempts to escape 
through the crust, which is the cause of the moon's 
volcanic activity. Materials ejected through volcanism 
continually renew Io's surface. 

Although this activity attracts most of our 
attention, it's important to note that Io also has up 
to 150 non-volcanic mountains. These mountains 
are generally isolated from other features and 
average 100 kilometres (62 miles) long and about six 
kilometres (four miles) high. They are mostly silicate 
rock, and are caused by compressive forces in the 
crust. Volcanic materials get buried under the surface 
and create thrust faulting, in which older layers of 


Paterae 
Although they resemble the calderas of Earth, these 


rock are pushed up over younger ones. Mountains 
may be in the form of plateaus or tilted blocks of 
crust, with one steep slope and one shallow slope. 
Most of them appear to be degrading, likely due to 
gravity, with landslides at their bases. 

In general there are some areas dominated by 
non-volcanic mountains and others dominated by 
volcanic features, although there are some mountains 
adjacent to paterae (volcanic depressions). While 
compressive forces create mountains, expansive 
forces - in which the crust spreads - may create 
paterae. The cracks created in the crust during 
mountain formation may also provide access for the 
magma underneath. @ 





volcanic depressions are called paterae because we 
don't know how they form. They can fill with either 


sulphuric or silicate lavas. 








® Silicate volcanism 
The primary form of volcanism on lo is silicate, with 
mafic, or magnesium-rich, basaltic lava flows that appear 
as dark regions on the moon's surface. 
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~ Komatiitic layers 
Many of the basaltic lava flows 
on lo appear to be komatiitic, or 
extremely high in magnesium 
and low in potassium, silicon 
and aluminium. 





® Plumes 
The largest plumes on lo are 
sulphur or sulphur dioxide, 
which can reach heights 
up to 500km (310mi) and 
usually come from eruptions 
at either volcanic vents or in 
lakes of lava. 
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Core © 
lo's core is either 
iron or a mixture of 
sulphur and iron, 
and its diameter y 
depends on the / 4 / 
sulphur content | 

- the higher : } 
the amount 

of sulphur, § 

the smaller f 

; : 
it may be. f 


j 


y 
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pCR Ce att 


The Earth is mainly heated by radioactive 
decay in its core with the addition of heat 
leftover from its formation. Io's extreme 
volcanism is too great to be caused by 
radioactive decay, and it’s too small to 
have any leftover heat. Tidal heating is 
Io's energy source, stemming from the 
moon's relationship with Jupiter as well as 
the other Galilean moons. Io's closeness 
eS as to Jupiter means that this large planet’s 

“—“—. ; gravity is drawing the tiny moon 

Bet et towards it. Meanwhile, the other 

Us Sf moons are pulling Io outward. 

ey These forces cause the interior to 

| stretch and compress depending 

- — on where the moon is located in 

its orbit, generating enormous 
| heat. Melted materials and 
—\: heated gases rise to the crust 
and escape through cracks, 
vents or volcanoes. 
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® Crust 
lo's crust is primarily sulphur 
and basalt, thanks to its 

perpetual volcanism. 


® Mantle 
The moon's mantle is 
primarily silicate rock, and 
remains partially molten 
due to tidal heating. 
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Space Volcanoes 


This bright Jovian moon bubbles with 
searing magma flows and violent eruptions 


Io's surface is sometimes said to resemble a pizza, 
with patches of tomato sauce and melted cheese, 
dotted with black olives. If that’s the case, then this 
pizza is still baking and bubbling away in the oven. 
Io's main source of internal heat, tidal dissipation, 
can actually cause its solid surface to bulge in and 
out by up to 100 metres (330 feet) - pretty extreme 
when you consider that the oceans on Earth don't 
differ by more than 18 metres (60 feet). This bulging 
means that there is always a liquid layer under the 
crust. Under tremendous heat and pressure, this 
layer emerges in the form of volcanic eruptions. 
When Voyager 1 imaged Io, we expected to see 
impact craters on its surface, but instead images 
showed numerous active volcanoes and other 
evidence of volcanic activity. Any impact craters are 
buried by the lava flows. Io is the most volcanically 
active object in our Solar System, and its surface 
is constantly being renewed. There are hundreds 
of volcanic features, and an eruption can result 
in lava flows that can be hundreds of kilometres 
long. Features include active volcanoes, active and 
inactive depressions called paterae, active and 
inactive lava flows and channels dug in the moon's 
surface by lava. 





Cite eta ge 








2 
5 ~ ene is Ps a 


yy = 
=? ~  & # 
=~ - 
<> 





Scientists have identified three main types of 
volcanic eruptions occurring on Io: explosive, 
flowing and intra-patera. Explosive volcanoes can 
have fountains of lava spew for a short amount 
of time, then continue as long lava flows. Some 
produce huge plumes of gas up to 500 kilometres 
(310 miles) into the air, and they may deposit 
reddish sulphur dioxide and dark basaltic materials 
around them. Flow-dominated eruptions, or 
Promethean volcanism, emerge from vents or 
fissures in the surface and have less heat and energy 
output, but may continue flowing steadily for years. 
Some observed lava flows on Io cover fields more 
than 300 kilometres (190 miles) long. The intra- 
patera eruptions occur in flat-bottomed depressions 
with high sides. Pateras may form by the collapse of 
a lava chamber, or by the blasting of materials in a 
sill - a sheet of rock formed between existing layers 
under the crust. Eruptions in the paterae may be in 
the form of a lava flow or a lava lake, erupting from 
a vent on the depression floor. Lava lakes can have 
a crust that periodically renews itself, or one that is 
continually renewing. 

Let’s return to the pizza comparison for the 
surface composition of the moon. The three main 
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“The most | 
volcanically active 
object in our Solar 
System; its surface 
is constantly being 
renewed” 


components of Io’s surface are sulphur, sulphur 
dioxide and silicates. Initially, lo was thought to 

be primarily sulphuric, but more recent studies 
have shown that it is likely more silicate due to the 
temperatures recorded in some of the eruptions - 
they were higher than the boiling point of sulphur. 
The sulphur is responsible for the reddish, brown 
and yellow regions on the moon. Sulphur dioxide 
frost is visible in the grey and white areas, while 
dark silicates such as orthopyroxene are deposited 
by plumes from explosive volcanoes. Plumes may 
also spray bright red sulphur or white sulphur 
ehteya(el-MeelCOMdncRGcleem | 
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1 et 2.Reiden Patera 3. Loki Patera 4. Lei-Kung 5. Colchis Regio 6.Skythia Mons 7. Amirani 8. Culann Patera | 
Pele is an active sPiCPrKoe ANE Loki is the largest Fluctus Colchis is the Skythiais one of  Thisvolcanohas Culann Patera is 
volcano especially first thought to patera on Io, with This fluctus, or largest bright more than 130 the largest lava one of the most 
notable for the be a hot spot a diameter of large lava flow, is _—_ region on Io. It mountains, and ale ted slomete)ets colourful volcanic 
sulphurous fallout but has since around 200km 400km (250mi) in _ is likely brighter has a height of System, extending craters on Jo with 


from its plume, 
leaving a large 
red ring. 
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been found to be 
spewing bright red 
pyroclastic flow. 


(124mi) as well 
as an active lake 
of lava. 


diameter and has 
been observed to 
have activity. 


because it is 
covered in sulphur 
dioxide ice. 


about 6km (4mi) 
and a diameter of 
250km (155mi). 


over 300km 
(186mi) from the 
pit of the volcano. 


both red rings 
and long, dark 
lava flows. 


www.spaceanswers.com 


All About Io 






The close-ups of Io's. 
Tiare lee ale) aU aaa 
the most geologically 

active moon in the 
Sle CL 
volcanic features such 
as Calderas and plumes. 









Europa 

The incredibly smooth Europa is 
crisscrossed with massive cracks, 
potentially caused by ejections from 
ice volcanoes. 


Ganymede 

Ganymede is the largest satellite in the 
Solar System, and its surface images 
depict a moon covered in numerous 
grooves caused by fractures. 
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Callisto 

Callisto, as second-largest Jovian moon, 
is the most heavily cratered and eroded 
natural satellite in the Solar System. 








© Ron Miller, NASA; JPL; University of Arizona 
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exploration 
each hem date 
© Forties 


‘ aout first orbiting spacecraft, Sputnik 
cit PACU MeL cR Baya auac oy 
wee op prior the Soviet space agency 
~ had already begun exploring space. 
~ A variety of suborbital rockets were 
launched, the V-2 and R-1 series, 
which performed radiation, animal 
and other experiments in the upper 
atmosphere on flights into space. 
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- Russia 
madea 
last-gasp > 
attempt 
to beat 
-- « Apollo 11 


Around.18 July 1969, Buzz 
Aldrin reported seeing an object 
ores his window as Apollo 


The Soviet 
Pe ee 
powerful as 
dele r atlas 


The Saturn V still holds the record 
for the most powerful rocket of all 


he rely Saw was Luna 15, 
an unmanned Soviet probe - 

: tn 
PMU cI BOY ON BISA LO ear a sample 
acoyanm dats Moon before Apollo 
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Seven of the , 
first space «7 
stations were 








Russia launched the first space 
Station, Salyut 1, in 1971. This was 
succeeded by five more (excluding 
NASA's Skylab in 1973), culminating 
in the construction of the Mir space 
station that began in 1986. It retained 
the record for the longest continuous 
Julubnu t= Helm b)car(o18 (ecw ne ms) o)-@omUNBOOM DLoibats 
surpassed by the ISS in 2010. 





Sebo) 0 tae 
and launched 
its own Space 
Shuttle 


In 1988, the Soviet-built Buran - 
nearly identical in both its design and 
functionality to NASA's Space Shuttle 
spacecraft - took flight. It launched 
on the heavy-lift, liquid-fuelled 
rocket, Energia, and completed two 
automated orbits before landing. The 
programme was scrapped in 1993, 
though, following the dissolution of 
the USSR. 


© NASA 
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On 28 November a brand-new magazine from 
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Gorillas 


Everything you ever 
needed to know about 
gorillas, from what’s 

inside them to how they 
communicate and where 
they live. Prepare to come 
closer to the great ape than 
ever before... 
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Asteroid hunters 


Asteroid 
hunters 


What is the next step towards a manned 
mission to Mars? Astronautics engineer 
and Planetary Society founder Louis 
Friedman explains why the asteroid 
retrieval mission is so much more than 
having a big rock in our backyard 


Written by Ben Biggs 
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Asteroid hunters 


As recently as the Seventies, asteroids were 
considered no more than a deep space pest. These 
Space rocks were regarded as the by-product of more 
interesting interactions between celestial objects, 
mostly found orbiting the Sun in the Solar System's 
rocky rubbish tip halfway along the road between 
Mars and Jupiter, with a few occasionally straying 

in to cislunar space. At best, they were astronomical 
curiosities that occasionally streaked across the night 
sky as meteorites and at worst, they could punch 
holes in spacecraft and posed a looming megaton 
threat that could snuff out life on Earth in the blink 
of an eye. Apparently worthless to science, far from 
the reach of terrestrial mining industries and beyond 


the technology of any Earth defence mission (should 
fate decide to throw a particularly massive specimen 
into our path), asteroids were largely ignored. 

Times have changed, however. “Let me start 
by saying what we did with the basic idea of the 
retrieval of the asteroid, was driven primarily by 
human space exploration,” explains Louis Friedman, 
who worked on the Voyager missions at NASA‘s 
Jet Propulsion Laboratory and co-founded The 
Planetary Society. He helped oversee a study on 
asteroid retrieval last year that is now under scrutiny 
by NASA, which has set aside $100 million (£62 
million) of its 2014 budget to start work on a mission 
to retrieve an asteroid and then send astronauts to 


“The idea of capturing an asteroid is not 
beyond the realm of comprehension 
but It 1S tricky” Louis D Friedman 


The capture 


spacecraft 


Capture bag 

The robotic capture 
mechanism will employ 
inflatable arms and a bag 
assembly made of high- 

Viel ateada maar] eolerl Cmeomee)ale-lig 
the asteroid once it has been 
deployed. The arms provide 
the compressive strength to 
hold the 10 x 15m (33 x 49ft) 
bag open during capture. 


Power 

Two 10.7m (35ft) solar 
eae icweee | ale) eel a) ted gms] ale 
convert the solar energy 
into a minimum of 3.6kW 
for use in the lithium- 

ion battery powered 
electrical subsystem. 


Asteroid 

A 7m (23ft) diameter target 
carbonaceous asteroid would 
VV(edF 24g Mada Mat lS oy mr] Kel el ale) 
500,000kg (1.1 million Ib), 
although the mission concept 
could allow for an asteroid 
with a mass of up to 1.3 million 
kg (2.8 million Ib). 


study it. “We flew to the Moon in the Sixties and 
Seventies, then stayed in Earth orbit ever since. The 
idea is to be able to move astronauts beyond Earth 
orbit and the first step is an asteroid step. That step 
is pretty big because it goes deep enough into space 
that we can't reach it with present-day plans for 
cruise systems and rockets. So if we can't reach the 
asteroid then maybe we can bring the asteroid to us 
and start the human crews doing exploration here in 
Earth orbit first.” 

The plan is to send a robotic vehicle on a two-year 
mission to retrieve a seven-metre (23-foot) diameter 
carbonaceous asteroid from its near-Earth orbit, 
capture it in a huge high-strength bag, ‘de-tumble’ 
the asteroid and then safely tow it back into a high 
lunar orbit by 2025. Once in position, a two-man 
Orion spacecraft can visit the asteroid within the 
relative safety of its lunar orbit, take samples from it 
and then return to Earth. It sounds fairly audacious 
and, indeed, the asteroid retrieval concept isn't short 
of its critics. But in the early-Sixties, putting a man on 


The capture bag on the 
approach to the asteroid, 


prior to securing it 


ec 


The asteroid capture vehicle will be equipped with 
two types of thruster: the Hall effect ion engines will 
supply the craft's main propulsion during its journey 

to and from the asteroid in outer space. A set of roll 
control thrusters will guide the craft and allow it to 
nudge the asteroid into a comfortable trajectory. 
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The two-man Orion crew vehicle will meet 
the robotic asteroid capture vehicle in its 
retrograde orbit around the Moon. Orion 

is part of NASA's new Constellation space 
transportation system, designed for multiple 
tasks. Its docking adaptor will link the crew 
module to the robotic vehicle. 


| | | 
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The efficiency of the 
OeMenaUm peel Bes 
a mission of this type 


Orion docks with 
>sthe capture vehicle 
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Hall effect thrusters 


The asteroid retrieval mission's robotic spacecraft will use an 
electrostatic type of ion thruster as its main means of propulsion. 
They're called ‘Hall effect’ thrusters and like all types of ion 
propulsion, they use plasma ions to create small amounts of thrust 
with very high specific impulse. In this type of thruster, xenon gas 

is ionised by an electrical field and discharged at high speed from the 
exhaust to create thrust. Five ten-kilowatt Hall effect thrusters will propel 
the robotic asteroid retrieval spacecraft to the asteroid and back to lunar 
orbit after the capture is complete. The thrusters will use seven tanks of 
propellant containing a total of 12,000 kilograms (over 26,000 pounds) 

of xenon. This type of ion propulsion has achieved maximum exhaust 
speeds of nearly 300,000 kilometres per hour (around 180,000 miles per 
hour) in the lab, although the robotic asteroid retrieval spacecraft itself 
won't be travelling within a range anywhere near this velocity. 
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Asteroid hunters 


the Moon must have seemed like the subject of an 
Arthur C Clarke novel to the average person, rather 
than a real mission proposal for the fledgling NASA 
Space agency at the time. “Well, it is complicated,” 
Friedman explains. “The idea of capturing an asteroid 
is not beyond the realm of comprehension but it is 
tricky. It's a challenge and in fact some people that 
criticise this idea of retrieving an asteroid say, ‘that's 
very difficult’ To which we at NASA would argue, 
‘that’s what we do - difficult things.’ The point that I 
especially like about this mission is that it’s difficult 
robotically. An astronaut'’s biggest job on a mission 
is to take care of his safety, to take care of himself. 
Space is very hostile, on the space station you need 
to have spacesuits to do walks and everything like 
that. So we want to do all the tasks that are most 
dangerous robotically. I think the beauty of the plan 
right now is that the most challenging engineering 
job - capturing the asteroid - will be done by robots. 
The most important job that humans will be used for 
is going up and scientifically investigating. 
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Asteroid hunters 


Asteroid 
spectral types 


Similar to the way meteorites are classified on 
Earth, asteroids are identified and placed into one 
of around a dozen different categories according 
to their composition, among a few other factors. 
There are three main types, however: X-group 
asteroids that include the metallic M-type 
objects, S-type asteroids and C-type asteroids. 
This latter, carbonaceous type of asteroid is of 
the greatest scientific interest, which is fortunate 
as they make up around three quarters of all 
asteroids in the Solar System, giving scientists a 
greater deal of choice when it comes to picking a 
target rock to tow home. 





The goldmine 


| Meteorite 
equivalent: 
Achondrite 
Resources: Platinum 
group metals 
Asteroid example: 
3 Juno 
» S-type asteroids are 
_ ~ 3 where the space 
equivalent of the 19th Century's California gold 
rush will start. They're particularly high in platinum 
metals, although launch and landing costs make 
them a prohibitively expensive target for those 
driven by the profit motive. 





The foundry 


Meteorite 
equivalent: Iron 
Resources: Iron and 
precious metals 
Asteroid example: 
16 Psyche 

M-types are mainly 
iron and stone- 
rich asteroids that 
could become the basis for heavy space industries, 
providing a comparatively cheap and ready 

source of raw materials required to manufacture 
components for stations, spacecraft or even space 
colonies of the future. 





The laboratory 


/ Meteorite 
equivalent: 
Chondrite 
Resources: Metals, 
water and organic 
compounds 
Asteroid example: 
2 Pallas 

Dark carbonaceous 
C-type asteroids are of most interest to NASA and 
a target for the scientists looking to snatch a space 
rock out of deep space and bring it to Earth. Their 
water and chemical content alone make them an 
interesting scientific study into the origins of the 
Solar System while having a C-type asteroid in orbit 
would provide an accessible platform for a practice 
Mars mission. 
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Once Orion has docked 
with the robotic vehicle, 
the bag can be removed 


Eros is a 34km (21mi) long S-type asteroid. It 
should cross Earth orbit in 2 million years and is 
potentially on an impact trajectory 





aspect to that” 


“I think both the scientific and engineering 
advances of this mission will be considerable and the 
risk will be proportional to the cost. That is, it won't 
be billions of dollars and human life at risk, it will 
be some portion of a billion dollars and, whatever 
happens, it will advance the technology of both 
capture and space operations." 

Safety is of paramount importance. The smallest 
of asteroids have masses that belie their size and one 
the size of the capture mission's target would have a 
mass comparable to the International Space Station. 


That’s quite a lump to have orbiting in your backyard, 


which is one of the reasons why a structurally 
weaker, C-type asteroid is being selected, and why it's 
being towed into a lunar orbit, not a terrestrial one: 

if the unthinkable happens and its orbit decays, it 








25143 Itokawa was a sample return target 
asteroid for the Hayabusa mission 


sy atYerlo) atte 
bag, fully 
expanded 





“It's a carbonaceous asteroid rather than 


a hard metallic one... there's a safety 


would impact the Moon and not the Earth. Friedman 
is confident that even in a worst-case scenario, 
terrestrial impact would be little for us to worry 
about. “Strictly from a mission point of view, it’s a 
carbonaceous rather than a hard metallic asteroid... 
there's a safety aspect to that. A carbonaceous 
asteroid, if it hit the Earth's atmosphere at the end of 
the mission or something like that, would break up 
harmlessly compared to a stony or metallic one.” 

The asteroid retrieval mission will be of interest to 
three main parties, mostly found within government 
Space agencies and private companies looking to 
exploit the mineral wealth of space. The ‘resource 
people’ will be looking at the use of a carbonaceous 
asteroid's water content as a convenient fuel source. 
Then, any rock or metals it contains could be used to 
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patch up spacecraft and, in this age of 3D printing, to 
manufacture parts. Asteroid rock could also be used 
as shielding against galactic cosmic rays. Currently 
the only way to protect against the deadly radiation 
in deep space is with a shield of sufficient mass, but 
bringing that up from Earth to high lunar orbit would 
come at prohibitive cost. It’s around eight times more 
expensive to launch the equivalent mass into orbit 
than obtain it via the asteroid retrieval proposal. 

Space mining companies will be interested in 
the metals an asteroid might contain and, of course, 
scientists will be drawn to the organic compounds 
and volatiles that could help shed light on the 
formation of the Solar System. “Once an asteroid 
can be moved, it's of interest to scientists who study 
asteroids to understand their composition and their 
place in the Solar System, their evolution and how 
they affected the planets. They're of interest to people 
who want to use resources on asteroids for either 
Space purposes or rocket fuel, for example. 

“Some people, myself included, are sceptical about 
the commercial resource utilisation of an asteroid, 
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In high lunar orbit, 
astronauts can take 
samples of the asteroid 


Sizing the 
asteroid up 








Asteroid hunters 


it's so far in the future that we have plenty of time 

to deal with it. But we're very interested in what the 
resource people are doing, because scientifically it's 
very valuable, too. Private companies, I think, will 
have a role in going up to study asteroids if they 
want to invest in them. But first they will need the 
scientific information that NASA [possesses], perhaps 
the ESA and Russia, too... they will need their help to 
participate in these objects.” 

The logistics and science involved in towing an 
asteroid safely back to Earth, however, will be of 
great value to everyone. The data gleaned from 
this mission could prove vital to any potential 
asteroid deflection mission. One Earth defence 
scenario, should an object with a high rating on 
the Torino Scale - high probability of impact with 
global ramifications - threaten us, is to tether a 
robotic spacecraft to the rock and tug it gradually off 
collision course. Gathering data on composition and 
mass of asteroids is also crucial to knowing how to 
deal with Torino threats. “I don't think there's a value 
in having the asteroid itself there, but I think there's a 
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Asteroid orbit 


Although the precise target hasn't yet been 
chosen, it will have many of the characteristics of 
asteroid 20O9BD, a seven-metre (23-foot) rock that 
moves in a very similar heliocentric orbit as Earth. 
This carbonaceous space rock has what is known 
as a co-orbital path, stalking the Earth within ten 
lunar distances for weeks at a time before moving 
off for another long period. It's far from unique 

in this respect, and many asteroids of a similar 
size to ZOO9BD and smaller approach Earth on 

a regular basis, giving NASA numerous target 
options for its asteroid retrieval mission. 

















Man Orion Target C-type eS oe 
2 metres spacecraft asteroid Robotic asteroid retrieval craft 
(6 feet) 5 metres (16.5 feet) 7.6 metres (25 feet) 36.4 metres (119 feet) 

Atlas V 

58.3 metres (191 feet) 
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Asteroid hunters 






























lot of value when we first get up close and investigate 


@ 
How to catch an asteroid 
th teroid, t derstanding th it] d : : 
es See A step-by-step guide to catching a near-Earth space rock 


that's very important. You cannot deflect something @ | Robotic asteroid retrieval craft 
if you don't know what it’s made of, what its physical 2) Manned Orion spacecraft AT 


constitution is and what its strengths are. I think it 3) y d Ori oe 
would be of great scientific advantage to have the allie FIGU) PENS GGG SAT 


asteroid and move it. If we ever had to deflect an | 







asteroid we'd be doing it a different way. It wouldn't 


be a 1,000-ton asteroid it would be a 10,000 or - ra 
100,000-ton asteroid - a much larger one. You might ey eee ee ee ee BD 


have to do it by kinetic deflection or other means 
and it won't be the same technique but you'll gain an 
understanding by having the asteroid and moving it. 

“Just to do this mission we have to discover a lot Choose 
more asteroids and discovering them doesn't just your target 
mean finding them, it means characterising them, aUaee elec 
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performing light curve and spectral measurements asteroid ei Performa 
on them... discovering near-Earth asteroids will help must be the Moon : slingshot 
us find a potentially hazardous one. That's the crucial 4p 4-e ale) iP With the final loop 
thing to do, to be aware and to increase knowledge.” a ee ‘i | Coen around the Earth, 
So who owns the asteroid, once it’s back home? oe uly bees - the asteroid capture 
‘I'm not a lawyer!” exclaims Friedman. “The answer ad pene Sal GE * spacecraft will move 
is, of course, that we can’t claim ownership of a = ss vite _ gee or i DOR BC ar 
celestial body. On the other hand it will be attached Ses aca ae provides SCE 
: ley AU al Sieg A ery «eee ‘slingshot’ into deep 
o an American spacecraft built by NASA, serving TET Ola? Ser sere ar Bon ascent 
anyone else going to it who would get NASA roma eR Gal = “: oes cea vies * p ae Seat 
cooperation. So imagine that this was the Antarctic: capture ee “ences mera en 
in the Antarctic you can’t own anything but you have vehicle the “< ce Eats -endesvous with thé 
bases down there that belong to different countries. best chance of / bt, a, aS target asteroid. 
You can't go and work on the American base without eu LL / s 
American participation, or the Argentinean base 
without Argentinean permission. | 
“They don't own the Antarctic, they just have that | | Launch the robotic spacecraft 
facility there. This mission might be a little like that. | | Launch the unmanned capture spacecraft on an 
This would be a NASA facility, but NASA would not | Atlas V rocket. Once it has separated from its launch 
only have open conduct in international missions to vehicle, ensure it orbits the Earth for two years, 
this asteroid, but once that initial mission is over it eS Tle ST AS ele Alea ee RS 
might be declared as open for exploration. If a private i move it ever closer to the Moon. 


firm wanted to go up there and do experiments and 
there was no risk involved to humans or the robotic 
NASA technology, it would be open. If the Chinese 
or another country wanted to go up there... you'd 
have explorers from different nations, they'd go up 
and do their own thing but do it cooperatively under 
international agreements." 

But that’s far from the big picture here, there's 
much more to snatching an asteroid from orbit than 
being able to perform a few experiments within the 
comfort of our own Earth-Moon system, as Friedman 
explains: “One of the questions of the human space 
programme is the funding of our ambitions. All of 
us want to go to Mars and no one wants to go to an 
asteroid as the end point, but building that capability 
to go to Mars is an immense task and it’s far beyond 
the capabilities or political will now of any country. 

“So what will be the next step after this first 
moving of an asteroid and [getting] humans closer 
to it? Do we go to a further asteroid location such as 
a Sun-Earth Lagrangian point and conduct a three- 
month mission there? That would certainly advance 
our pathway to Mars but maybe that is too big a step. 
Some might say let's move another asteroid or do 
another step with more complicated operations, with 
three or four human missions before we take that 
bigger step. I don't know the answer, that’s going to 
be the whole subject for the 2020s." @ 








® Launch the manned spacecraft 
Once you've used the remote capture 
spacecraft to tow the asteroid into lunar 
orbit, launch a two-man Orion spacecraft 
aboard NASA's new heavyweight rocket, 
the SLS (Space Launch System). 
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® Moon orbit 
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® Spacecraft 


rendezvous 
| After three days 
Catch the asteroid | travelling through 
Once the capture spacecraft is within range of the asteroid, deploy the bag using cy 0F-Te Aa UME =e 
its inflatable arms and engulf the asteroid. This process should take about 90 days. Orion spacecraft will 
Once captured, use the spacecraft to tow the asteroid back to the Moon. meet the asteroid 


capture vehicle in 
lunar orbit, where the 
astronauts can study 
and sample it. 
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SS ECueteyive 
_ After re-entering Earth's 

atmosphere, the Orion | 

— crew module should use 

its parachutes to slow its 

descent before landing in 

the ocean, in a similar 

way to the Apollo 

mission capsules. 


~ Return to Earth 

Pm OIE LMT meee Uo 
study and sample phase of the mission, 
they must return to Earth aboard the Orion 
spacecraft, with the crew module separating 
on its approach. 
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The Eagle Nebula 


This stellar spire is found 
within the Eagle Nebula 


The Eagle 


Nebula 


The incredible nebula that plays host to some 
stunning regions of star formation 


Around 7,000 light years away in the constellation 
Serpens lies one of the most iconic nebulas that Has 
ever been imaged. The Eagle Nebula, discovered 

by Swiss astronomer Jean-Philippe de Cheseaux in 
1745, gets its name from its apparent similarity to an 
Tod RE Lele eel cbs Rco ee cen Label os. (01k O ELBA 
entranced astronomers for centuries. 

The Eagle Nebula is actually part of a larger nebula 
known as IC 4703, it's about 5.5 million years old 
and around 70 light years by 55 light years in size. 
The nebula is thought to be a ‘= star 


formation, signified by the ‘Pillars of Creation’ region, 
where columns of interstellar hydrogen gas and dust 
have condensed to provide a prime location for the 
formation of new stars. 

Most of our knowledge of the Eagle Nebula stems 
from the incredible images taken by the Hubble 
Space Telescope over the past two decades. Other 
telescopes lik@ the Chandra X-ray Observatory 
and the Spitzer Space Telescope have helped to 
confirm the observations of intense regions of stellar 
formation within. @ 
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Chris Hadfield 


Chris Hadneld: 
Space celeority 


We speak to one of the world’s most famous astronauts about his life in space 


Interviewed by Jonathan O'Callaghan 





Chris Hadfield 
Age: 54 
First mission: STS-74 
No. of missions: 3 
Time in space: 166 days 


Chris Austin Hadfield 

is a former Canadian 
astronaut who shot to 
worldwide stardom earlier 
this year with his huge 
public outreach effort 
during his time aboard the 
ISS. With almost a million 
Twitter followers, he has 
amassed a growing fan 
base thanks to his inspiring 
and educational musings 
on spaceflight. He is now 
getting ready to starta 
new teaching position at 
the University of Waterloo 
in Ontario, Canada, having 
retired as an astronaut 
following his return to 
Earth in May 2013. 
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So you've got a new book out now, can you tell us 
what it’s about? 

It’s called An Astronaut's Guide To Life On Earth. 
That was on purpose because I've had a chance to fly 
in space three times. I helped build the Russian space 
station Mir on my first flight [STS-74 in November 
1995] and then did some spacewalks to help build the 
ISS on my second flight [STS-100 in April 2001], and 
then you know as if it was some sort of divine plan 
or something I get to live on the ISS and command 

it on my third flight [from 19 December 2012 to 13 
May 2013]. So it’s an amazingly long run for 21 years 
as an astronaut to be able to do all those things, plus 
all the jobs that went on in between. From that I 
learned an awful lot of things and also got to do so 
many different experiences. I lived at the bottom of 
the ocean, climbed mountains, drove a submarine 
and I was a test and fighter pilot, as well as all the 
spaceflight experiences. And from it all, of course, 
there's a wealth of stories, but at the same time there 
are sO many things that you learn, stuff that is of 
general interest to everybody I think, and so the 
book is really very much about those stories and 

the amazing things that I've had a chance to do. I've 
tried to pull a bunch of much more Earth-bound 
lessons out of it all, how to lead a good life and how 
to get close to achieving the things that you dream 
about, all together into a book that’s based on a pretty 
fantastic edge of the human experience. 


Why did you originally decide you wanted to 
become an astronaut? 

Well, because I watched Neil and Buzz walk on the 
Moon in 1969. I was nine years old and they were 
the coolest guys in the world. I just thought I wanted 
to be just like them. You know, youTe going to grow 
up to be something, why not grow up to be that, 


“"T wanted to fill 


the unforgivin 
minutes with 60 
seconds’ work 
every single time” 


something that is right on the edge of possible? 
Canada didn't even have an astronaut programme 
back then, so [being an astronaut] was impossible 
in Canada at the time, but I figured walking on the 
Moon was impossible until that morning, so why 
not? From that day forward I started turning myself 
into an astronaut. 


Did you choose a career path from then on that 
led you to become an astronaut? 

Honestly, it sounds sort of crazy, but I really did in 
effect start training myself as a young teenager of 
the things that I might need. I joined the Air Cadet 
programme and learned to fly, I went to leadership 
school at the Air Cadets, I took courses in middle 
school and high school that allowed me to attend 
three different universities, 1 became a pilot with 
the Air Force and then I became a test pilot with the 
US Navy. All of that allowed me to get hired as an 
astronaut back in the spring of 1992. But you trade 
all that and become an absolute rookie, a zero, as 
you walk into the astronaut office. My office mate 
was John Young, who had flown the first Gemini 
mission, he had walked on the Moon and he'd been 
the commander of the first Space Shuttle during its 
launch, so it was pretty humbling to walk in and 
suddenly start from zero again. 


How did the training progress from there? 

The training is far broader and deeper than most 
people think, because living on the space station, as I 
was earlier this year, you have to have every resident 
skill necessary within the three people on board, 
everything from reprogramming the navigation 
computers to doing a spacewalk to being able to do 
surgery. It is a long, complex process to get that small 
group of humans basically the skills of a town so that 
they can take care of themselves in a spaceship for 
half a year in orbit. 


How did it feel to be selected for your first 
mission into space, STS-74 on board Space 
Shuttle Atlantis? 

I got selected in 1993 and started training, and it was 
like a rollercoaster where you sort of keep chugging 
up steep hills with everything sort of lurching. Youre 
working and suddenly you come over the crest and 
everything just accelerates loudly and you just want 
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The first Canadian to 
perform a spacewalk was 
Hadfield (pictured) on the 
SVS OOP Ce emlaweNeyalt 
2001, although it almost 
ended in disaster 


to yell and off you go. It was sort of like that, I'd been 
working and chugging and thinking about it, and 
then to get a call from the astronaut office to say, ‘hey, 
we'e going to assign you to STS-/4 and you're going 
to fly in space in November 1995’, you can't keep the 
smile off your face. You know there's a whole bunch 
of work to do over the next few years getting ready 
for it, but at the same time it’s that little nine-year- 
old boy's dream suddenly taking one step closer to 
reality. It was a great thrill. 


What were the highlights from your two Shuttle 
missions, STS-74 and STS-100? 

The biggest highlight was walking in space [on STS- 
100 in April 2001 as the first Canadian spacewalker]. 
It is one of the main highlights of my life to be 
outside of a spaceship in between the roaring visual 
onslaught, the kaleidoscope of the world just ripping 
by at eight kilometres [five miles] a second, every 
colour and texture that exists. And on the other 
side, if you just turn your head to the left, is the 
universe. The black is so deep you could almost see 
the texture of the black, and you are hanging on 
with one hand between those two things and it’s 

a real perspective builder. And on both missions, 
backing away after we undocked from the space 
station with our Space Shuttle, looking at the 

visible changes we had made to the space station 
and knowing that we had been given a huge 
responsibility by our office and our organisations 
and our nations, it was just a tremendous sense of 
Satisfaction. I think maybe those are the highlights, 
although it’s nothing but highlights. 


Are we right in thinking you had a harrowing 
experience on that first spacewalk? 

Yes, I had contamination inside the suit that floated 
into my eye and it was caustic enough that it stopped 
my left eye from being able to see [temporarily], like 
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"The dinosaurs are extinct because they 
didn't have a space programme” 


pouring something really foreign like Tabasco sauce 
into your eye. Of course the real problem with space 
is when your eye is contaminated and tearing really 
badly the tears don't drain away, so none of the 
contamination goes anywhere, the tear just becomes 
a ball of contaminated tear and stays right there in 
your eye. Then the teardrop got so big that it crossed 
the bridge of my nose and went into my other eye 
after a while, and then both eyes were contaminated, 
so I was blinded outside during my spacewalk. I was 
maybe going to have to do an emergency return to 
the airlock and crawl back in and cut the spacewalk 
short, but we were only part of the way through 
deploying the big new robot arm, the Canadarmz2, so 
we sure didn't want to stop. I actually had to open a 
vent on the side of my helmet that dumps oxygen 
out into space, because the feeling from Houston 
was that the contamination was potentially airborne 
inside the suit. So not only was I blinded in space but 
in fact one of the first recommendations that went 
round was to start dumping a very fine item, oxygen, 
out into the universe. Fortunately, after a while, I 
cried enough that it diluted the contaminant in my 
eye so I could start to see again. At the time | thought 
it was a pretty significant thing to happen both 
personally and professionally. 


When did you find out you would be going to the 
ISS on Expedition 34? 

I started hearing about it five years in advance 
because I was the chief of space station operations 
for the NASA astronaut programme, which includes 
everything from crew selection to all of their training. 
It’s one of the larger jobs in the astronaut programme 


and I was it. So you look ahead in the job and you 
actually help choose who's going to fly in space, 

and you choose them years in advance because the 
training is many years long. We knew that Canada 
had another slot to fly in space, and if you started 
looking at the number of Canadian astronauts there 
were and who might be available, it just started 
becoming apparent about five years prior [to the 
mission] that my number might well come up. When 
I saw that I started getting ready. I started looking at 
who else’s number might come up, what skills I was 
going to need and getting to know the cosmonauts 
and astronauts I might fly with. And I started making 
sure that I had all the other qualifications that I 
might need. We have to have super deep expertise on 
everything on the station, but not all the astronauts 
need to be expert at everything. But I figured I had 
some time, so I determined that I wanted to become 
a specialist, which is the deepest and most rigorous 
level of training and understanding, on every 

system of the space station. And so I did: I became 

a specialist on the Japanese segment and all of its 
experiments, the European the same, the American 
the same; I was qualified to fly the Soyuz, I got 
qualified in the Russian spacesuits, I was a robotics 
instructor, I was a senior spacewalking instructor, I 
worked on my Russian language, took field medical 
training, and just made sure that I was getting ready 
just like when I was nine years old. I specifically got 
assigned with the crew [in mid-2010] about two and a 
half years before launch, and then it became my full 
time job to get ready for the flight. I did nothing but 
train for two and a half years right through to the day 
of launch in December last year. 
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What was it like adapting to life on the 
International Space Station? 

You'e very well prepared for it, so it’s not like you 
show up there without skills. You're very well trained 
to be able to do the things so we don't send idiots 
up, we don't send unqualified people up, so the work 
pace is very hard. And in addition to the work pace 

I really wanted to make it as complete and full an 
experience as I possibly could. I knew this was going 
to be my last spaceflight and that I was only up there 
for half a year, and I wanted to fill the unforgiving 
minutes with 60 seconds’ work every single time. 


What was the hardest part of your time on board 
the ISS? 

Probably the hardest part was just maintaining that 
pace of work for seven days a week for half a year 
and getting everything done. There was just always 
this long list of stuff that had to be done that we did 
every day, all of the main task stuff, and then the 
wish list. With the CSA [Canadian Space Agency] 

I made almost 100 videos in the time up there in 
addition to all the rest of the work, and I recorded a 
whole CD's worth of original music. I did a song with 
the lead singer of the Barenaked Ladies that almost 
a million people sang live with me simultaneously 
around the world, and I worked with my son and 
together we made that David Bowie tribute, Space 
Oddity. And I took 45,000 pictures and sent them 
to the world via Twitter and my son distributed 
them through other social media outlets, to involve 
the world not just to do a really nice job of running 
the experiments up there but to do as much as | 
could to share the experience. So the hardest thing 

I think was fitting it all in. I got to bed about one in 
the morning and got up at six in the morning every 
single day for my entire five months. At night time I 
drifted off to sleep basically exhausted every single 
night but looking back at it, it was the right thing 

to do. I wasn't going to spend my time in space 
watching movies and reading books or something, it 
was a time to work and to use all of the skills that I 
had, and I'm really pleased with how it turned out. 


How would you like to see space exploration 
develop in the future? 

I'd like to see it continue the way that we've begun 
it in this first 50 years, and that is to have robots do 
the early dangerous exploration to go and look at 
things and figure out what's going on there, early 
probes to go see what merits further attention to find 
out the dangers and the results of going places. And 
then as the probes bring back information we can 
decide where we want people to go, and then slowly 
send human-based probes like the Apollo missions 
where we send people for a few days, but use that 
information to incrementally expand where people 
live. Just like we have everywhere around the world, 
starting from Africa and slowly over 70,000 years 
spreading around the whole planet including living 
in Antarctica. Almost 100 people live at the South 
Pole 365 days a year now, and so that pattern of 
exploration and expansion is one that’s starting in 
Space now and we're just sort of within sight of ‘land’ 
here on the space station. We've been there for the 
last 13 years and next obviously it will be the Moon 
because it's only three days away. We'll establish a 
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Training to become an astronaut 
included a stay for Hadfield in 
an underwater laboratory called 
Aquarius in May 2010 


Hadfield performed a 
cosmic edition of Davi 
Bowie's Space Oddity 


base there, following the same pattern, and invent all 
the things we need so that we can move further and 
further out as we invent the technology and gain the 
skills and in essence get all of our eggs out of one 
basket. Earth has proven itself throughout history 

to occasionally be a very inhospitable place for life 
with the great extinctions from asteroid impacts and 
maybe some of the threats that have come externally 
from Earth. It'd be good for our species to have other 
options. The dinosaurs are extinct because they 
didn't have a space programme, so it’s just a natural 
thing for us to do. 


Is international cooperation the way forward? 

I think the way we have done [space exploration] 

in the last 20 years is admirable in that it is an 
international programme, really starting with [the 
Apollo-Soyuz Test Project in 1975] and with Mir 
learning how to do this internationally, and then 
the ISS with 15 leading nations of the world working 
together on a 24/7 basis for decades in order to 
leave the planet. I really think that the way we've 
learned to do that, even when there's other stuff 
going on between the countries that is antagonistic, 
is really important, and it’s important to give people 
a Clear, shining, gleaning example of what we can 





Hadfield's return to Earth on 14 May 2013 
@ marked an end to his career as an astronaut 


do when we do things right together. If you look up 
‘ISS sightings’ online it'll tell you what time in the 
morning or evening to look up and see the space 
Station go over your head, and it's the brightest star 
in the sky. That example to me for any kid in the 
world, any kid standing on any shoreline, whether 
it's some comfortable place or it's a desperate war- 
torn place, any of those young people can look 

up and see a pretty good example of what people 
can do when they do things right, watching the 
Space station go over. We've left some really good 
groundwork for further expansion and I hope that we 
continue at the same rate. @ 


An Astronaut's Guide 

To Life On Earth 

Hardback, £18.99/$28.00 

Available from:|www.panmacmillan. 
com. 

Colonel Chris Hadfield takes 
readers on a journey through 

his years of training and space 
exploration in his new book, on 
sale now, through vivid stories and 
extraordinary anecdotes. 
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10 AMAZING FACTS ABOUT 


Comets 


They fly at over a 
million kilometres 
an hour 


As they move into the inner Solar System, comets 
can reach speeds of nearly 1.4 million kilometres per 
hour (845,000 miles per hour), burning up volatiles 
and grazing our solar centre as they go. That's 
several times faster than the fastest man-made 
object (moving relative to Earth) ever recorded. 


ISON is 10,000 
years old 


Comet ISON's origins are thought to be somewhere 
in the Oort cloud: an icy cloud of particles 
surrounding the Solar System that extends up to a 
light year around it. The comet began its journey 
there at the very end of the last ice age on Earth. 


WW atta comeing 
snowballs’ 


Mostly made of frozen volatile chemicals including 
water ice, ammonia, methane and dust, comets are 
regarded as a ‘dirty snowball’ and are thought by 
some to have brought water and organic chemicals 
to Earth at some point in our history. 


Their orbital 
periods can last 
eavel Cay enanel 


Some comets, like Halley’s Comet, originate in the 
Kuiper belt on the outskirts of the Solar System. 
These take up to a century or two to orbit the Sun, 
flaring up once in a human lifetime. But some, like 
Hale-Bopp, have much greater orbital periods and 
might not be seen again until the far distant future. 


There could be a 
trillion comets 


We know of around 5,000 comets that orbit in our 
Solar System, but this is only the tiniest percentage 
of the comet population we think exists. If all the 
dormant and unrecorded comets in the inner and 
outer Solar System are included, that number could 
run into the hundreds of millions - even a trillion. 


Their coma can be 
the size of the Sun 


The solid part of a comet, the nucleus, usually isn't 
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- along its path. The other is ionised gas from the 


Their tailscan — 





very big. Typically they're less than 60 kilometres 
(37 miles) in diameter, but the cloud of dust and 
gases that blows up around the nucleus can be . 

enormous. One of the brightest comets of tHe last — an. 
200 years, the Great Comet of 1811, had a coma 
larger than the Sun at its peak. : 


They could 
have brought 
life to Earth 


Organic compounds found in comets might have 
‘seeded’ Earth with life, back in a time when our 
planet could not have formed all the chemicals 
required for life itself. Some scientists think that, 
billions of years ago, the conditions on Earth were 
too hostile for it to form life itself, so it took an 
impact from an organic chemical-bearing comet to 
provide the missing ingredients. 


WW irate lly have 
two tails 


Though they can't always be seen, comets usually 
have two tails. One of these is made of dust particles 
that spill off the comet as it moves and trail back 


A recent image of Comet ISON, as taken 
by the Hubble Space Telescope 


comet’s nucleus, which points away from the 
direction of the Sun due to its interaction with the 
Sun's magnetic field. 


stretch from Earth 
to the Sun 


The Ulysses spacecraft unexpectedly passed 
through the tail of the great Comet McNaught on 3 
February 2007, around two weeks before the comet 
reached its peak brightness. It was unexpected 
because the decommissioned probe was so far away, 
around 224 million kilometres (139 million me) 
from the comet’s nucleus. 


Wats) a 
believed tobe ' | 
poisonous =——s -. 


In the past, comets have often been thought of by 

people on Earth as a harbinger of doom. SEN as 
Comet, for example, was considered an omen » 

of King Harold's imminent fate at the Battle of | 
Hastings. But even in recent years, they've been 

eyed with suspicion: in 1910, people in Chicago 

sealed their windows in order to keep the poisonous * *_” 
gases of Halley's Comet out of their houses. @ 
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: Trail-blazing 
Because of the effects of solar radiation and 
the solar wind, gases and dust are released. 
from an accelerating comet. The dust 
particles tend to form a curving trail, which 
is less'sensitive to the pressure of the solar 
wind and splits from the escaping gases. As 
a tilMeol naa (cee Ree il -CRO Meee 
system, the twin tails merge once more 
then disappear as the nucleus. cools. 


© Sol990 Images; Hubble 
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National Space Academy 
Education Officer 
Sophie studied 
astrophysics at 
university. She has 
aspecial interest in 
astrobiology and 
planetary science. 


Education Team 
Presenter 

Wi Having achieved 

a Master's in physics 
and astrophysics, Josh 
continues to pursue his 
interests in space at the 
National Space Centre. 
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Master's degree in 
interdisciplinary science 
and loves the topic 

of space as it brings 
together many different 
scientific disciplines. 
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i Simonis an amateur 
astronomer and MD of 
London's Astronomy 
Showroom. He also 
co-founded The 

Baker Street Irregular 
Astronomers. 








Zoltan Trenovszki 


(-) 





my 
aT. 


Garry Mayes 





Jane Hawkins 





365Astronomy 

In 2008, Zoltan 
founded the 
365Astronomy website, 
which has now grown 
into a full-sized family 
business, and he also 
teaches part-time. 


Planet Earth Education 

i Garry is the proprietor 
of Planet Earth 
Education and Mobile 
Stars Planetarium 
supplying distance 
learning courses in 
astronomy. 


Tring Astronomy Centre 
Bi Janeis part of a 

family of enthusiastic 
amateur astronomers, 
whose love of 
astronomy as a hobby 
has helped them to grow 
and shape their business. 














( INTERMEDIATE 


It is important to have a good set of 
eyepieces including a Barlow lens. 
With the combination of these you 
can then achieve many magnifications 
that enable you to see objects of 
various sizes. There is a trick then 
where two different magnifications 
can be achieved with one Barlow lens 
depending on its position: before the 
diagonal or after the diagonal. This 
trick will not work with Newtonian 
telescopes, only with telescopes that 
need a diagonal. 

A red torch will help you to keep 
the sensitivity of your eye intact 
when reading sky charts. In this 
light-polluted age a light-pollution or 
UHC filter is a must-have, but it’s also 
important to have a lightweight cover 
over your head, so that no bright light 
sources will affect your night vision. 
Due to the moist environment in the 


\ BEGINNER 


What accessories 
are useful for an 
astronomer? 













UK, a heating strip with 
a dew controller is also 
recommended; this can 
be plugged into a power 
tank, which is also a 
good addition to your 
accessories especially 

if you have a GoTo 
telescope. ZT 


What can I see with my 
naked eye in the night sky? 


There are a host of things you can 
see with your naked eye in the night 
sky. The most obvious are stars, 
constellations and the Moon and its 
phases, but under the right conditions 


major planets can be seen with 
the naked eye in the night 
sky and they are Mercury, 
Venus, Mars, Jupiter and 
Saturn. Also, meteors 
can show 
up as 


you can see lots more. Five of the eight 


streaks of light across the sky; there 
are several meteor showers at the 
Same time each year. Satellites can be 
seen as fairly quickly moving spots of 
light moving across the sky, the most 
famous one being the International 
Space Station. At the correct time if 
you are far enough north you would 
also be able to see aurorae (coloured 
lights in the sky). Finally, if you are 
somewhere really dark you could 
possibly see the Andromeda Galaxy 
and the Orion Nebula. GM 














Aside from a telescope there 
are plenty of items worth 


purchasing for astronomy 


With the right precaution you can 
project an image of the Sun 


Camm 


How can I use 
a telescope to 
see the sun? 


Firstly do not ever look at the Sun 

through any form of optical aid, as it 

will blind you. There are two ways 

to use a telescope to look at the Sun. 

The first is to use a special solar filter 

that fits over the objective end of the 

telescope. These filters block out up to 

99.999999% of the light from the Sun. 

If using a solar filter always follow the 

safety instructions fully. be 
The second way to view the Sun 

is by a method called projection. At 

the eyepiece end of the telescope you 

will place a white card and focus the 

image of the Sun on to the card so 

that it can be viewed. This method can 

show up sunspots and will definitely 7 

show the progress of a solar eclipse. In 

this instance, the telescope should be 

aligned by using its shadow as a guide 

and not through the finderscope. GM 
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Rengawannnd Sendai eco 
What equipment do I need 
for astrophotography? : = 


Familiarity with your telescope, including 
alignment of its mount and/or its computerised 
GoTo system (if fitted) is important. A tracking r 
mount (one which tracks objects around the sky) 
is critical as even pictures of the Moon will blur 
with a simple manual mount. Equatorial mounts , 
are better for astrophotography than altazimuth. 
Additionally, a working familiarity with the 
camera you intend on using is important, as 
you will likely need to use a manual setting to 
achieve your goal. Depending on the type of 
camera, you will also need a bracket or adaptor 
to mount the camera to your telescope. If you 
become more involved with astrophotography, 
dedicated astronomy cameras are available 
with features tailored to suit the very specific 
requirements of capturing the night sky. SB 
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aan do 
constellations 
move 
throughout 
Wate tore l eg 


Constellations move throughout 
the year because the planet we live 
on is orbiting around the Sun over 
the course of the year. We call the 
sky we see all around the Earth the 
celestial sphere. This sphere has the 
|e had eel me Leese coe DeLe Wed eee le 
can see is imagined to be on the 
inside of this sphere. Because the 
Earth is spinning about its axis once 
every day, at night we can see the 
part of the celestial sphere that is 
on the opposite side of the Earth to 
where the Sun is. However, as the 
Earth is in orbit moving around the 
Sun, our view each night has also 
moved slightly each day. Viewing 
the night sky six months later the 
stars that were in the sky during the 
day are now in the sky during the 
night. The stars we could not see 
during the day are now in the sky 
at night. GM 





Ursa Major, or the Plough, is a 
popular constellation to view 





What are some great sights to 


see on the Moon? 


Just by looking at the Moon you can start 
to see the dark shades of the lunar mare - 
the large basaltic plains of the Moon. With 
a telescope, however, we are able to see far 
more detail. 

In the northern half of the Moon (at the 
two oclock position) you can see a large 
dark mare - the Sea of Tranquility. This was 
of course the landing zone for Apollo 11, 
the mission that saw mankind walk on the 
Moon for the first time. 

Just below the centre of the Moon you 
can view a large crater called Ptolemaeus 
and arcing down below it two more craters 
Alphonsus and Arzachel. At the ten o'clock 
position, near the edge of the Moon is a very 
bright crater Known as Aristarchus with a 
distinctive ray pattern arcing out from the 
centre. With a good enough magnification 
you may even be able to make out some of 
the valleys on the surface of the Moon, but 
the best way to explore it is using a telescope 
field map of the Moon, which can be located 
and downloaded from the internet. SA 










Meru sort of 
binoculars are best 
for astronomy? 


Most binoculars 
can be great for 


wn 


Sea of 
Tranquility 


Arzachel 
Ptolemaeus 
Alphonsus 


Practically any binoculars can be used 
for astronomy, however, it is better 
to use binoculars with an aperture 
above 50 millimetres and the best 
combination of magnification and 
size is 15x70 as these binoculars are 
still comparatively lightweight and 
can be used handheld, but only if you 
lean into a post or wall. The Celestron 
SkyMaster 15x70 is of very good value 
to start with, or for sharper, brighter 
images go for a Helios Apollo 15x70, 
and the ultimate viewing experience 
can be achieved with Delta Optical's 
Extreme 15x70 binoculars. If you 
are not limited on funds then you 
may consider Helios Quantum 6.2 
or 7.4 binoculars that offer more 
comfortable 90-degree or 
45-degree viewing respectively, 
but these are really large 
binoculars that can be 
used only on a tripod. 
OU slow A- Sm dato lieneerelcs 
eIsjucen p)iaele blr lanyalan] 
replaceable eyepieces, 
unless you can spend 
£5,000 to £10,000 or more 
on a really large, amazing reverse 


binocular telescope. ZT 


www.spaceanswers.com 


www.spaceanswers.com 





Beco. 
How can I improve my 
astronomy experience? 


It may sound obvious but wrapping 
up warm is essential if you are going 
to enjoy a cold crisp night's observing, 
so the first recommendation is a good 
hat and a thermos flask containing a 
nice warm drink to keep you going! 

A good viewing location is next, and 


while it’s amazing what can still be 
seen even from heavily light-polluted 
skies nothing beats seeing the Milky 
Way. in all its glory against an inky 
black sky. Sharing that experience 
and exploring the night sky with like- 
minded people is better still, so the 
second recommendation is to go to 

a Dark Skies AstroCamp. And finally, 
accessorise! Upgrading your eyepieces 
from the standard ‘kit eyepieces’ can 
transform your viewing and adding a 
dew shield can allow you to enjoy it 
for longer. JH 






























Light travels down the (\ BEGINNER 
telescope, bounces off the 
primary mirror and then 


reflects off the secondary 
mirror into the eyepiece 


How 
does a 
telescope 
work? 


Optical telescopes allow us to see 
further; they are able to collect and 
focus more light from distant objects 
than our eyes can alone. This is 
achieved by refracting or reflecting the 
light using lenses or mirrors. Refractive 
telescopes contain lenses much like 
those found in our own eyes only 
much larger. Inside the telescope, light 
first reaches a primary lens. Primary 
lenses are convex - rounded - and are 
able to bend the captured light and 
aim it on to a secondary, focusing 
lens. This second lens is then 

| “ responsible for focusing 

| that light to produce a clear 
image of the object. Reflective 
telescopes work in a similar way 
to refractors but by reflecting, instead 
of bending, light using curved mirrors. 
In both cases, the more light that is 
\ captured in the primary stage means 





\ more power to see faraway, while a 
This particular telescope is an \ more efficient focusing stage produces 
example of a reflector \ clearer images. ZB 
























Quick-fire 
questions 


@spaceanswers 


What do eyepieces do? 
You look into the eyepiece when 
you look through a telescope. 
They magnify the image 
produced by the optical system. 
Eyepieces of different focal 
lengths magnify this image by 
various amounts to give different 
views. What makes a good 
eyepiece for viewing one object 
doesn't necessarily make a good 
eyepiece for viewing the next, so 
choose carefully. 


What is a Barlow lens? 
A Barlow lens goes between the 
telescope and eyepiece and it 
multiplies the focal length of the 
telescope. It's usually composed 
of three elements and by using 
a Barlow lens, you can achieve 
much more magnification than by 
using just eyepieces. 


Do telescopes need 

electricity? 
Strictly speaking, no. Telescopes 
need good optics, a stable stand 
and a variety of accessories to 
give practical magnifications. This 
was Patrick Moore's advice and is 
still true now. Electrically powered 
tracking or auto-locating (GoTo) 
options build on this and can be 
a great convenience for beginners 
and experienced stargazers 
alike. They're also essential for 
astrophotography. 


What is ‘right 

ascension’? 
Right ascension (RA) is one of 
the two values used to pinpoint a 
coordinate on the celestial sphere. 
RA is how far eastwards around 
the sphere you are from where 
the Sun crosses the equator in 
spring. RA is measured in hours, 
minutes and seconds from O to 
24 hours. 


What is ‘declination’? 
Declination is the other value 
used in combination with 
right ascension to pinpoint a 
coordinate on the celestial sphere. 
Declination is how many degrees 
above (+) or below (-) the celestial 
equator the point is. 
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| Equatorial and 
space ry altaz are the 
ANSWERS . _ two main types 

ae of mount 






| 
What are the different 
types of telescope? 


Quick-fire 
uestions 






@spaceanswers 
“ What is a star chart? There are three main types of The third main type of telescope, 
A star chart maps the night sky. optical systems used in astronomical reflectors, use mirrors to gather the 
They are used by astronomers telescopes. Refractors (with lenses) light. They are more fragile, need 
to help find constellations, stars, and catadioptric designs (Maksutov- more maintenance and produce 
galaxies and other astronomical Cassegrain and Schmidt-Cassegrain, upside-down images, which effectively 
objects of note. Star charts which are compound lens and mirror precludes them from being used for 
highlight objects from similar systems) are generally the most terrestrial (Earth-based) observations. 
catalogues or are marked with practical first telescopes as they are Refractors are generally easier 
grids for easier reading. sealed tubes, relatively robust and for a beginner to use for taking 

produce right-way-up images. astronomical photographs. SB 

~ What's the best way to 











































clean a telescope? 
The short answer: carefully! Use 
an air duster or lens brush to 
remove dust, then optical fluid 
and lint-free cloth to remove any 
grease marks. 


Why do 
telescopes 
> @ have 
oars different 
mounts? 


There are two major groups of 
» mounts: equatorial and altitude- 
azimuth (or altazimuth) mounts. 
In the case of equatorials, one 
axis is aligned to be parallel to the 
Earth's axis, so that you can follow 
the movement of a star by moving 
the telescope around just that one 
simply by pressing a camera axis. This can be very handy when 
phone up to the eyepiece, | you move a telescope manually 
although the results are . i: 7 | . and also makes it possible to take 
far from ideal. ." ; : | long-exposure photos that are 
UF / | limited with altazimuth mounts, 
although some altazimuth 
mounts - like heavy-duty fork 
mounts - can be converted into an 
equatorial with the help of a wedge. 
Otherwise altazimuth mounts 
are better for terrestrial (Earth- 
based) objects. Both equatorial 
and altazimuth mounts can be 
motorised, computerised or even 
fully automated. Most mounts are 
placed on a tripod or pier, except 
Dobsonians that are actually a 
very simple type of floor-standing 
altazimuth mount. There is also 
a new breed of mobile tracking 
mounts (practically a one-axis 
equatorial mount) used for long- 
exposure photography with smaller 
telescopes or DSLR camera sets. 
Here we have only talked about 
commercially available mounts, but 
there are many more mount types 
used in scientific institutions. ZT 


© Can I take pictures 
through a telescope? 
Yes, there are lots of different 
types of photography that can 
be done through a telescope. 
You can use compact cameras, 
DSLRs, video surveillance 
cameras, specialist CCD cameras 
or planetary imagers. It's possible 
to take astrophotographic images 





~ What are magnitudes? 
Magnitudes give us an idea 

of the brightness of a celestial 
object. ‘Apparent magnitude’ is a 
measure of how bright the object 
appears to us here on Earth. 
However, due to the difference in 
distances between the Earth and 
various Stars, ‘absolute magnitude’ 
gives a corrected brightness of 
how bright the object actually is. 


~~ What does 
‘magnification’ mean? 
It means making something 
appear larger than it does 
through your naked eye, so 
50x magnification makes an 
object appear 50 times larger. 
Depending on the viewing, it's 
not always best to have bigger 
magnification, though. 


From left to right: 
refractor, reflector 
and Schmidt- 
Cassegrain 
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- Most computerise 
. telescopes come witl 
alignment technol 









d on the handset. Repeat this step two 
OW O or three times and your telescope will 
be aligned. If, however, you have an 


I align d equatorial mount you must first polar 


align it. Some computerised mounts 

teles CO e? have software functions to help you do 

Dp e this, but if not or you have a manual 
If youre using a manual altazimuth mount then using a polarscope is 
mount you don't need to worry about best. By using Polaris as a guide it 
alignment. Once your telescope is is possible to align the axis of your 
assembled you can begin to star-hop telescope with the point of Earth's 
your way around the sky. However, if rotation. For best results start with 
you are using a computerised mount, your mount facing north, your latitude 
an equatorial mount or a combination adjustment set for your location (in the 
of both then some alignment will be UK this is around 51 degrees) and with 


necessary. To align a computerised your polarscope rotated to match the / | 

mount you are going to need to input orientation of the constellations etched P JAX 1% : 
details such as the date, time and your on it. With Polaris in the polarscope mas 
location. Once done, manually slew field of view use the altitude and 

your telescope to a known star, centre azimuth adjustment screws to fine- 

it in your field of view and confirm tune your alignment. JH 


The incredible technologies of 


What shouldI — § tomorrow's space programmes 


be looking for _ 
TY ateem olen ie tae 1 BIRTH OF THE 


a telescope? UNIVERSE 


The explosive origin of sess how 
it's evolving and cosmic fossils 


vi ALL ABOUT 
BETELGEUSE 


The sp i ay next door to Earth 


that's about to 20 SUpeINnOovd 
Buy an instrument from one of the the optical system, which is usually 


| iy 
major telescope manufacturers. The measured in millimetres. The larger | WHERE IS MARS S 
choice of the correct telescope is this number, the more light the . ATMOSPHERE? 
then very important if it is to be used telescope gathers, providing brighter site, e 









regularly. One which is too big, too images, showing fainter objects, - How the MAVEN Spacecraft 

small or the ‘wrong’ type may be juNToComMs nis (Cmae) Cobb ecHE-V Ion uneremelicdelcre will investigate how the 

shelved prematurely -so consider how magnifications (when practical) and air left ancient Mars 

it will be used. How portable does it showing more detail. : : 
need to be? Will it stay at home or be The focal length of the optical Ta orbit 


taken out and about? Will there be any — system is also important as this 


daytime use (such as birdwatching)? determines image scale and the | MESSIER’S OBJECTS | V2 Dec 
Is any astrophotography likely to be optimum range of magnifications for . NUCLE AR BOMB ENGINE S 2013 


attempted on it? a given telescope, often making it 
One critical aspect of any telescope more or less suitable for a particular BINARY STAR SYSTEMS 

is its aperture. This is the diameter of type of astronomy. SB HOW TO BE AN ASTRON AUT 

AANA) oF Caer Deans) ames it FLOATING COLONIES ON VENUS 


ASTRONOMY'S BIGGEST EVENTS OF 2014 





© NASA; Virgin Galactic; Bigelow Aerospace 








| , GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


Ser." Fr Palit Sieh iat ston (* astronomy SION CE: EN, Sy Astronomy 
night-sky sights (| the sky? mistakes to avoid | telescope Cm yah 


The night sky's best sights | What to look out for around | Dodge these rookie stargazing | Readers’ astronomy exploits are | The latest essential astronomy 
and how to view them the festive period blunders with our handy guide | put under the spotlight gear and telescopes reviewed 


() amazing 
night-sky sights 


Were very lucky to have some of the real wonders of 
the universe within our grasp, just by using binoculars, 
telescopes or the naked eye 








We live in a galaxy populated with amazing objects than we could ever imagine, while a good telescope takes 
and a time that has given us the technology to see and us even further into the wonder, showing us planets and 
appreciate them better than we have ever done before. their moons, craters and mountains on our own Moon and 
Even a complete beginner on their first night out under the faint smudges of light from galaxies too distant for the 
the stars can see things at unimaginable distances just by human mind to even comprehend. 
; looking, and the stars and the patterns of the constellations On a winter’s evening you can see the Pleiades (or Seven 
themselves can be a source of endless fascination. In the Sisters) hanging in the sky as a tight group of stars which 
northern hemisphere during the summer months we look magnificent in binoculars, or follow the three belt stars 
have the arc of light we call the Milky Way reaching of Orion to the faint misty patch of light that is the Great 
across the sky with its myriad of stars and nebulae. Orion Nebula, the birthplace of stars. A telescope will reveal 
The winter months bring us frosty nights packed four bright stars buried in the heart of this nebula having 
; with star clusters, many of which can be seen recently been born from it. In the southern hemisphere 
without any optical aid whatsoever. Binoculars you can see the Large and Small Magellanic Clouds, small 







help to open up the vista into breathtaking galaxies linked to our own, with no optical aid at all. These 
sights showing us stars and objects unseen objects are just the beginning of a journey of discovery 
vik with more star clusters and galaxies which will last a lifetime. Enjoy! @ 


‘i re 
. i> : te om: af 


gee ke 


Object type: Star cluster 

Hemisphere: Visible in both hemispheres 
Right ascension: 3h 47m 24s 

Declination: +24° 7' 00” 





The Pleiades (or Seven Sisters) is best seen in the months of November, December 
and January crossing the sky due south in the northern hemisphere and low 

in the northern sky if you are in the southern hemisphere. It is easily visible to 
the naked eye, although binoculars will show dozens of stars in the cluster. The 
slightly bluish-coloured stars look like jewels against a black velvet sky and are 
quite breathtaking. A small telescope with a low-power eyepiece also shows the 
cluster well and you may even see a hint of nebulosity. There are around 500 
stars in this cluster and it lies 400 light years away from us. 


80 www.spaceanswers.com 























g night-sky sights, 





J ; o : | re ad 








Betelgeuse 

(Alpha Orionis) 

Object type: Star 

Hemisphere: Visible in both hemispheres 
Right ascension: 05h 55m 10s 


., y hemispheres Declination: +07° 24’ 25” 
Right ascension: 05h 36m 13s 


Declination: -01° 12' 07" Betelgeuse is a huge red supergiant star nearing the 
end of its life. It’s expected to die in a spectacular 
supernova explosion, with recent observations 
leading astronomers to predict it might happen 
within the next million years. Unfortunately, this will 
punch one of the pivotal dots out of one of the most 
beautiful constellations. Estimating the star's colossal 
size is tricky, but astronomers believe it might be 
large enough to swallow everything inside the orbit 
of Saturn if it replaced our Sun. 


ce _ Object type: Star 
Hemisphere: Visible in both 


UU NCR byeldalcacercecven tel erent 

is a blue supergiant star. It’s the 

_ middle star of the trio, along with 
Alnitak and Mintaka. It is one of the 

, 57 stars used in celestial navigation, 
tired patil , “Ae and is another star whose spectrum 
a is used as a reference for others. 





BCU Celanese Raimi Ns MMeClee 
our Sun, and has 74 times the radius” [Rerest 


Hemisphere: Visible in both hemispheres 
Rig Fn Right ascension: 16h 29m 24s 
bs | | | ee Declination: -26° 25’ 55” 





The brightest star in the Scorpius constellation and 
a red supergiant star, Antares is one of the brightest 
stars in the night sky, and its apparent magnitude 
is just below +1. Even at such a great distance, it’s 
much more visible than 

nearer red 

stars. 


a 
. 





Rigel 

Object type: Star 

Hemisphere: Visible in both hemispheres 
Right ascension: 05h 14m 32s 
Declination: -08° 12' 06” 


Made famous by Star Trek, Rigel is a blue-white supergiant star and the brightest 
Star in Orion. It’s almost 20 times heavier than our Sun, and has 74 times the 
radius. Even at such a vast distance from Earth, it outshines smaller, much closer 
stars in the night sky. 
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M81 (Bode’s Galaxy) 


Object type: Galaxy 

Hemisphere: Northern 

Right ascension: 09h 55m 33s | . y 
Declination: +69° 3’ 55" | a 


Boa a Great 
Bye (tle) | aie 


Object type: Nebula 

: | Hemisphere: Visible in both hemispheres 
Omega Centauri Right ascension: 05h 35m 17s 
Object type: Globular star cluster Declination: -05° 23’ 28” 
Hemisphere: Southern 
Right ascension: 13h 26m 47s 
Declination: -47° 28’ 46” 





Messier 81 (or Bode’s Galaxy) is one of the great telescopic sights of the 
northern hemisphere. It’s visible in binoculars as a faint smudge and a 
moderate aperture telescope will start to show some of this galaxy’s delicate 
spiral structure. It lies 11.8 million light years from us. 






Probably the most famous nebula in the entire night sky, the Great Orion 
Nebula is a huge area of dust and gas in space; a star-forming region. Over 
millions of years the gas and dust comes together and eventually when the 
A true showpiece of the night skies, object is massive enough nuclear reactions begin in the core and the star 

the brightest globular star cluster in switches on. It is the 42nd object in Charles Messier’s list and it too is visible 
all of the heavens, Omega Centauri is / to the naked eye as a faint misty patch of light in the ‘sword belt’ of the 

also the largest such cluster belonging constellation of*Orion the Hunter. Binoculars will show it much more clearly 
to the Milky Way galaxy. It’s located at and a small telescope with a medium power will reveal the ‘Trapezium’ stars 
a distance of 15,800 light years from born from the gas and dust. 

Earth and is nearly 12 billion years old. 








Object type: Star 

Hemisphere: Visible in both hemispheres 
Right ascension: 05h 16m 41s 
Declination: +45° 59° 53” 


OP Nvoldtamostsnmroadae ictal amial Kons 
is Byseel ESB Tansy TIE CeCR ETO RO) BOCAS VEE 
rhe} AYe binary pairs. Mate abeim ole -ear lee eee 
Ss with a radius ten times greater devel elomel Ure kce “e . 
* asi ses mays Eo ne Aes EES ee F | ers h 
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Sigma 

s Object type: Star 

| Hemisphere: Southern 
Right ascension: 21h 08m 47s 
Declination: -88° 57' 23” 


If Polaris is the North Star, then Sigma 
Octantis is currently the closest thing 
to being the South Star. Its magnitude 
isn't particularly good, so it doesn't have 
the same prominence as Polaris does in the 
northern hemisphere. 


Tau Ceti 


Object type: Star 

Hemisphere: Visible in both 
hemispheres 

Right ascension: O1h 44m 04s 
Declination: -15° 56’ 15” 


Tau Ceti is the nearest solitary star 

like our Sun. While it was originally 
believed there were no planets orbiting 
it, evidence now suggests that there 
are five planets in the system. 


Canopus 


Object type: Star 
Hemisphere: Visible in both 
hemispheres 

Right ascension: 06h 23m 57s 
Declination: -52° 41' 44” 


The brightest star in the Carina 
constellation, and the second-brightest 
Star in the night sky. It's also a 
supergiant star, and looks extremely 
white to the naked eye. 


“Capella is a bright northern 
star that is actually made up of 
four stars in two binary pairs” 
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20 amazing night-sky sights 


Reflectors 
are ideal for 
deep sky 
viewing 





viewing deep 
sky objects 
Faint and distant objects, known 

as deep sky objects or DSOs, need 
larger aperture telescopes to be seen 
well. The larger the aperture the 
more light it can gather. Reflector 
telescopes tend to come in larger 
apertures (six inches and above) for 
a reasonable price. They also tend 

to give a wider field of view, which 
is a good thing, as many DSOs are 
extended objects covering quite 
large areas of the sky. Reflectors 
come in a variety of types, but for 
beginners the Newtonian is usually 
a good choice, perhaps on a simple 
Dobsonian mount. This type of 
telescope requires a little more 

care and maintenance than say a 
refractor telescope, but will give 

you great views if it’s set up well. 
Don't get anything less than five 
inches in aperture if you want good 
views and expect to pay between 
£150 and £300 for a worthwhile 
telescope depending on aperture 
and type of mount. 
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Jupiter 


Object type: Planet 
Hemisphere: Visible in both 
hemispheres 

Right ascension: Varies 
Declination: Varies 












The largest planet in our Solar System 

can be viewed with the naked eye, 

binoculars or telescopes and is a 

rewarding view with any of these. 

In binoculars you can see the disc 

and the moons of Jupiter. In a small 

telescope you'll see cloud belts and , ieee" ee ho ees 
maybe the Great Red Spot. ne = a Sans 


The Large Magellanic Cloud 
Object type: Galaxy 
Hemisphere: Southern 


Right ascension: 05h 23m 35s 
Declination: -69° 45’ 22” 


The Large Magellanic Cloud can be seen as a misty area of sky laying between 
the constellations of Dorado and Mensa about halfway up from the horizon to 
the zenith during December and January, but can be seen nearly all year round 
depending on your location. It’s a nearby (relatively) irregular galaxy although 
it does show signs of a central ‘bar’ and some possible spiral structure. It is 
gravitationally bound to our own Milky Way galaxy and it is the fourth-largest 
galaxy in our ‘Local Group’. It appears from Earth more than 20 times the width 
of the full Moon. Binoculars will start to show some of its structure and a small 
telescope will pick up even more detail. 


mY bide msjoerei 
telescope 
you may be 
able to see 


SUD e Beer 
Red Spot” 


| \\ Refractors offer 
wonderful 


Best for 

viewing the 
Moon and. 
planets 


Refractor telescopes, ones using 
lenses, are probably the best type 
of instrument for a beginner to 

use to view the Moon and planets. 
Because refractors don't have a 
central obstruction in the form of 

a secondary mirror as reflecting 
telescopes do, they should give 
sharp, well-contrasted images 

and are easy to use and maintain. 
If you are looking to buy a first 
telescope then a simple refractor 
will nearly always make a good 
choice. However, as refractors tend 
to have a smaller aperture than 
reflectors, they will limit your ability 
to see faint ‘deep sky’ objects, but 
due to their ability to handle higher 
magnifications they are ideal for 
planetary and lunar viewing. Don't 
buy anything much smaller than 

a three-inch aperture refractor as it 
won't allow enough light through to 
give you good views and expect to 
pay between £100 to £200 for 

a decent quality instrument, 
including a serviceable mount. 
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. M31 Ce 
Galaxy) 


Object type: Galaxy 
sigur ecto) 
Right ascension: OOh 42m 44s 
Declination: +41° 16’ 9” 


Mi (the Crab Nebula) 


Object type: Supernova remnant 
Hemisphere: Visible in both 
hemispheres 

Right ascension: 05h 34m 32s 
Declination: +22° O00’ 52” 


Visible in a small telescope as a small 
faint misty patch of light, the Crab 
Nebula is the remains of a star which 


exploded and was first seen and 
recorded by Chinese astronomers in 
1054. It was so bright it was visible to 
the naked eye in daylight. 
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Andromeda 


Cy] 
cy * nl 
- . 
ry 


M3I or the Andromeda Galaxy is the brightest gdlaxy in 

the northern-hemisphere and can be seen with the naked 
eye on clear, dark nights away fronr city and town lights..  — 
Binoculars will show its bright central core as a fuzzy patch 
of light and a medium-sized telescope will start to show 
some structure in the spiral.arms. The best time to see it 

is during the months of October and November when it’s 
high up in the south. It is the furthest object which can 

be seen with the naked eye, laying some. 2.5 million light 
years away from Earth and extends in total over four times 
the width of the full Moon as seen in the’sky. — 


47 Tucanae 


Object type: Globular star cluster 
Hemisphere: Southern 

Right ascension: OOh 24m O6s 
Declination: -72° 04’ 53” 


The second-brightest globular cluster 
in the whole sky, 47 Tucanae is easily 
visible to the naked eye and appears 
about the size of the full Moon. It’s 
noted for having a very bright and 
dense core. A small telescope will start 
to resolve many of the stars found in 
the cluster. 


M57 (the 
Ring Nebula) 


Object type: Planetary nebula 
Hemisphere: Northern 

Right ascension: 18h 53m 35s 
Declination: +33° O1' 45” 


M57 is one of the most spectacular 
examples of a ‘planetary nebula’ in the 
night sky. These objects have nothing 
to do with planets in reality, they are 
the remnants of Sun-like stars which 
have puffed off their outer shell of gas 
into an expanding bubble. 






20 amazing nigsleskem@stesic 



















ee RTS 
Beehive Cluster) 


Object type: Star cluster 
Hemispshere: Visible in both 
hemispheres 

Right ascension: 08h 40m 24s 
Declination: +19° 59’ 00” 


Also known as Praesepe, the Beehive 
Star cluster lives up to its name when 
viewed through binoculars, looking 
very much like a swarm of bees 
around a hive. Just visible with the 
naked eye, this lovely cluster lays in 
the constellation of Cancer the Crab 
and is 577 light years away. 

















Pt wre ice 


M13 (the Hercules 
Globular Cluster) 


Object type: Globular star cluster 
Hemispshere: Visible in both 
hemispheres 

Right ascension: 16h 41m 41s 
Declination: +36° 27' 36” 


Siew mcs AKO R MOR Coma Celad alan! 
hemisphere, the Hercules Globular 
Cluster is the third-brightest globular 
star cluster in the entire night sky. 
These are cities of stars which orbit 
around the plane of our galaxy and 
contain some of the oldest stars in 
the known universe. M13 is visible in 
binoculars and small telescopes. 
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What's in the sky? 


Midwinter skies show us some of the best stars and 
constellations on which to feast our eyes... 


Open Star Cluster M36 Open Star Cluster M38 


Viewable time: All through the hours Viewable time: All through 
of darkness the hours of darkness 
Messier 36 is one of three well- Another of the open clusters in the Auriga 


constellation, this one lies around 4,200 
light years distant and is about 25 light 
years across. It’s about half the age of M37, 
being approximately 220 million years old. 
The brightest stars in the cluster form 


known clusters of stars residing in the 
constellation of Auriga the Charioteer. It 
is easily seen in binoculars and a small 
telescope will resolve many of the stars in 
the group. It lies about 4,100 light years 
from Earth and is around 14 light a pattern resembling a cross shape 
years across. It is quite similar in , or the Greek letter ‘Pi’. It is the 
type to the famous Pleiades NE | are most northerly of the three 
star cluster in Taurus the | clusters and looks great in 
Bull. There are at least 60 » binoculars or especially in 
elm esoR@ leo e : a small telescope. 
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oe eel) 
Nebula Mi 


Viewable time: All through the 

hours of darkness 
OU em alles elem melee Ol ateleocM\y (occs(oms 
famous catalogue of deep sky objects is the 
Crab Nebula. This is a supernova remnant - what's 
left after a star blows itself to pieces. This was seen 


ri IN 
eC Ce ey, 
Viewable time: All through the 
hours of darkness 

This is the brightest of the open clusters 
in Auriga. It lies just outside the body of the 


constellation. Charles Messier had recorded these 
clusters in 1764, but they had been discovered over 


a century earlier by Giovanni Battista Hodierna. This and recorded by Chinese astronomers in 1054 when it 
group contains over 500 stars and is easily discernible Northern was bright enough to be seen in daylight. Now it looks 
in binoculars. It lies some 4,500 light years from Earth hemisphere like a small misty patch of light in a telescope and is 
and is up to 25 light years across. It is thought the impressive in long-exposure images. All that’s left of 
stars are around 500 million years old. the original star is a pulsar - a pulsating neutron star. 
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{STARGAZER 
10 astronomy 


mistakes to avol 


When youre first starting out in the hobby of 
astronomy there are a few pitfalls that can spoil 
your fun. This guide will help you to avoid them 


{eee bad 
hightin 


Make sure you use a red light torch 
rather than a white light one. Once 
you've been in the dark for around 

20 minutes or so, your eyes become 
naturally adapted to the low light 
levels. This helps you see faint stars 
and other objects. The moment you 
see a bright white light this sensitivity 
is lost and it will take another 20 
minutes to get it back. 
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Forgettin 
2 aan 


If you're not very familiar with 

the night sky, a star chart and/or a 
planisphere - a disc which shows you 
the constellations for each night of the 
year - is really helpful. Make sure that 
you hold the planisphere or the star 
chart the correct way round, though. 
You'll need to know where north, 
south, east and west are relative to 
your location. 


cold 


If you plan to spend a night out under 
the stars, it’s important that you are 
wearing good, warm clothing. Pay 
particular attention to keeping your 
feet and head warm; many novice 
astronomers’ nights have been ruined 
by feeling cold and miserable. If you're 
using equipment such as a telescope 
or camera, fingerless gloves are a 

LUIyo) AUT HCG 


5 Crsaah ares 


Drinking 
alcohol 


Although you may think a glass of 
Vane lom lll e micas D ROU mc lene meLE 

in fact has the opposite effect and 
makes you lose heat quicker. It can 
also affect your visual acuity. No, 
really! It is easy to have accidents in 
the dark by tripping over a tripod leg 
for example, so it’s important to keep 
alert. This is much easier when you're 
stone cold sober. 
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o Not checking 
your kit 


From he to professionals, we've all done it; 
driven miles to a dark sky site only to find that 
we've managed to leave our binoculars or our 
favourite eyepiece on the table at home. If you are 
planning to use a digital camera to take pictures 
make sure you've got back-up memory cards 

and batteries. The cold can have a bad effect on 
batteries in particular. 


$3 Using too much 
magnification 


A common rate for novice astronomers is to use 
as much magnification as possible on objects. As 
you increase magnification the field of view gets 
smaller and the image fainter. There will be a point 
where the image just looks a mess. Remember that 
you are also magnifying the problems. Often it’s 
better to use a lower power; even though the object 
is smaller it will be brighter and easier to see. 
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Behaving badly 


Good behaviour at a star party is a 

must! These gatherings of like-minded 
amateur astronomers are becoming increasingly 
popular and can be very exciting especially for 
first-time astronomers. Please be considerate 
of others, don’t use white light torches unless 
absolutely necessary and even then keep them 
pointed downwards. Don't grab other people's 
telescopes without permission and, finally, keep 
the noise down, some folks are trying to sleep! 


Losing patience 


Many beginners get frustrated when they 
can't see what they expect to at the first 
attempt. When looking through a telescope, take 
time to study the object you are looking at. It 
can take time for the eye to relax and the brain 
to understand what it is seeing if the object is 
very faint and, sometimes, if conditions are not 
favourable, they may prevent you from viewing the 
object you hoped to see. Be patient and try again 
another night. 


VVC 
Astronomy mistakes 





*, Pointing the 
AKO ame hs 


Another common mistake is misaligning the 
polar axis of an equatorial telescope mount. The 
polar axis of the mount must be lined up to the 
north celestial pole, especially if you plan to use 
your scope for deep sky astro-imaging. The north 
celestial pole is marked by the pole star Polaris. 
Make sure you know which star this is, otherwise 
your long-exposure images will show star trails! 


Unrealistic 
expectations 


You've seen the wonderful colours in those 
amazing images of nebulae and galaxies, but it 
doesn't look like that when you look for yourself! 
sUntemee)(o)Uhicw-Icomcac TM COO Ih) Mm D)ULan On (cM aLelaatHemAY = 
is not sensitive enough to detect them. But it 

is possible to see colour in objects out in space. 
Because of the eye's limitations though, there are 
only some objects that show colour well. 
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- Glasgow, UK 
s Telescope: 
Celestron LCM 
»* 114 
Ha Giele) aunts 
—- 


photos with my 

Celestron LCM 
114 telescope and my iPhone 
4S. 1 go to the astronomy club 
at my school and we've been 
looking at the Moon. I took the 
photos on a clear night on 15 
October 2013. I really wanted 
to show the photos to friends 
and family and show them the 
magic (and science) of space.” 
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3 ee was captured froma sunrise 
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Seattle, USA © _ 

: _ + Telescope: n/a o, 
-- "Ima Terenas photographer 
‘based in Seattle, Washington. This 





~ location i he] Mount ‘Rainier National 
- Park. After two nights of shooting 


tear this location and running.on.a mere three nate 


- ~ ~— of sleep; fog started rolling in from the valley 

blocking my-view of Mount Rainier. I waited for it 

..- to clear but it took esa aeccvem =ralaCal = TKcre on 

ks ae cvace pectolenets my eeclg and was getting ready to 

er Pee alo) mur the-fog started clearing up, revealing 

o. rs Massive etary cloud with the’ Milky Way 
- iter Se ee oi Moe Ketel 
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ie & My Telescope 


7g 
1. 


~w 


in 


Ls 


EVR) tate) a 
aadee 
PR iGoce 
Australia 
Telescope: 
ME Valo)bts) 
“This group of 
[Dee COMER lca ite : . a 
from my garden in Quinns Rocks >. , 
near Perth, Western Australia. I use 
two telescopes, a Celestron eight-inch 
SCT with the Advanced VX Mount and a 
Coronado SolarMax II 60 Double Stacked, at Fe Bn ; 
which I piggy back on to the CST. I use a s Rn ee a ot ee 
Canon EOS 60Da for image capture and = ge : 
iPhoto on a Mac for processing.” 





kind with two engines, taken the Silver Surfer, or a telescope 
28 February 2012” with a shield on top, taken on Arizona, USA 
14 March 2012” Telescope: Meade LS-6 ACF | 
“This is my first telescope, and I use 
it for video capture of near-Earth 
objects [NEOs] and the Moon. In 
my early days, I built antennas and 
sensors for satellites, and helped 
maintain and operate KODI Satellite Tracking Station. 
Attached to the Meade LS-6, I use a MaxView 40 lens 
and adaptor, and a Sony CX550V HD Handycam. I use 
the Moon to set up my focus for most of my videos. 
These pictures are single frames from HD video.” 


“This may be a booster of some “This appears to be what I call 4 
: Ronald Lansing 


Send your photos to... “> @spaceanswers @ photos@spaceanswers.com 
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stargazing 
Stories 


Email us your story of how you 
got into astronomy, to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 


Luis Figueroa, Jr 


Location: Bronx, New York, USA 

Info: Astronomer for five years 

Website: flickr.com/photos/99710960@NO7/ 

Current Rig 

Telescope: Celestron CPC 800 Schmidt-Cassegrain 

| Mount: Stock Celestron tripod with Pro Heavy Duty Wedge 





"I first became fascinated with 
astronomy when my eighth grade 
science teacher spoke about the 

rings of Saturn and the Great Red 
Spot in Jupiter. Over the years | 

spent a lot of my time watching 
documentaries about space, reading 
astronomy magazines, books about 
Space and learning how to read star 
charts. In 2008, I joined the Rockland 
Astronomy Club (RAC) in Suffern, 
New York and attended their Annual 
Northeast Astronomy Forum & 
Telescope Show. After attending their 
lectures and star parties I purchased 
a Celestron CPC 800 telescope with 
some basic eyepieces. 

“I live about ten miles away from 
New York City where there is a lot of 
light pollution. In order for me to see 
a glimpse of the sky and its offerings 
I have to travel about 50 to 100 miles 
[80 to 160 kilometres] north from the 
city to Wawayanda or Lake Taghkanic 


Other: Canon EOS 60D DSLR 


State Park with permits provided 

by the RAC. After many nights of 
observations I decided to take photos 
of what I was seeing so that I could 
share them with my family and 
friends. I purchased a Canon DSLR 
camera, attached it to my telescope 
and began taking basic pictures of the 
Moon, the Sun, Saturn and Jupiter. On 
the days that I don't take my telescope 
out I take landscape pictures of the 
NYC skyline. 

“In September 2012, I travelled to 
San Diego, California and visited the 
Palomar Observatory. In November 
of that same year I travelled up to 
the National Forest in the Santa Fe 
Mountains in New Mexico. That 
night I was able to see the Milky 
Way from the beautiful dark skies of 
Albuquerque, New Mexico. One day 
I would like to travel outside of the 
United States to see what dark skies in 
other parts of the world look like.” @ 


Luis's top 3 tips 


1. Join an 2.Do your research 3. Subscribe 
astronomy club Go online and to astronomy 
When I purchased my search keywords magazines 


first telescope I joined 
Club. The members 


helped me understand 


into astrophotography. 


92 


like astronomy and 

the Rockland Astronomy space. Learn to read star 
charts. There are a lot 
of apps for your tablet 
the uses of my telescope or smartphone that can 
and the basics on getting help you understand 
astronomy better. 


I spent a lot of time 
reading astronomy 
books and magazines. 
Go to the book store and 
look for magazines or 
books that interest you 
on astronomy. 


* 


“This image of the waxing gibbous 
Moon was taken on 12 August 2008, 
using a Fuji camera through the 
eyepiece of a telescope” 


“This is me visiting the 
Palomar Observatory in 
California” 


@ “My first successful picture of 


M42, the Orion Nebula, using 
my CPC 800 and Canon” 


“Visiting the Palomar 
Observatory, looking at 
Jupiter with my CPC 800 
and DIY field battery” 
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Lake District in very dark’skies, and 


shows how dark skies can make a_| 


massive difference to images” 
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STARGAZER 
stargazing Stories 


Steven Mansfield 


<4 Location: Preston, Lancashire, UK 
Info: Astronomer for two years 


Twitter: @class_astro 


Current Rig 


| Telescope: SkyWatcher 150P/SkyWatcher ED80 
| Mount: Pier-mounted SkyWatcher HEQ5 Pro 
| Other: Canon 1OOOD Astro-modified (IR Filter) 


“Ever since I was a young boy my 
bookshelf was rammed with titles of 
an astronomical nature, so my interest 
in astronomy has always been present. 


see two bands in exceptional detail 
and I was lucky enough to view the 
transit of the Great Red Spot. After 
a few minutes observing I decided 





SUNS e eee es Although I have kept a telescope to test the webcam. It took over an 

my Current setup for casual observing for over ten hour of fiddling before I managed to 

eb Gelato af : years, it was not until two years ago get an image, and another hour to 

et a Ogre A that my interest in astronomy really get a recognisable image of Jupiter on 

i, ae ee exploded. My first ‘real’ telescope was my laptop. Although this first image 

enna a SkyWatcher Mak-127 on an AZ GOTO wasn't spectacular, it was something 
mount that I got for Christmas in 2011 I had taken and I was very proud of 
along with a low-cost webcam for it, so much so it is still in my imaging 
planetary imaging. journal as the ‘first image’ 

“Tt wasn't until the new year that I “Little did I know at the time but 
managed to get out and try my scope that small image of Jupiter changed 
for the first time. It was a bitterly cold, my hobby from an observing hobby 
crystal-clear evening and I didn't know into an imaging hobby. Since that 
where to start. I set my coordinates first night I have slowly built up a 
and being a novice decided to look collection of imaging equipment for 
at the brightest dot in the sky. As I deep sky targets. I have spent the last 
focused it became clear I was looking 18 months imaging using my listed 
at Jupiter and the four Galilean moons. setup, and it has allowed me to learn 
That first glimpse in the eyepiece different techniques for different 

N could only be described, as cliché as it targets and it has always been a 
sounds, as breathtaking. I could clearly learning curve.” @ 
i W e 
i Steven's top 3 tips 
\ 1. Be prepared 2. Make a base 3. Join a club 
Whenever possible get If you can, set up a Become an active 
" all imaging equipment permanent base for member in a local 
ais os wired up, tested and your telescope. This is astronomy group or 
} ; ready before the Sun by far the best advice I society. It is a great way 
. goes down. This received when starting to start out without 
. - includes calibrating out. It cuts your set up having to fork out on 
' polar scopes or finders; time by 90% and you expensive equipment; 
r just check everything can quite literally ‘pick a way of trying before 
is going torun smoothly. up where you left off". you buy. 
L a | | 
. & “I took this image earlier this year; “This was my first-ever image 
. | @ it was my first and only attempt described in my story. I was 
. | fm toshoot the gas giant Saturn to overwhelmed by the detail on 
: : date. I was very happy to capture Jupiter shown in the banding 
Py some definite banding” Plate md eteesice)gon 


“This image of the Horsehead_ | 
Nebula was one of my first “(3 0) 


sky targets taken in 2011 on a dual- 
axis driven EQ3-2 unguided” 
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Celestron 
60 LCM 


The perfect telescope for someone 
looking to get started in astronomy 









. - : 
CELESTROW® objects can be 


advice 


Over 4,000 celestial 


found with the 
NexStar database 


to begin a night of astronomy. 


Cost: £229/$374 The 60 LCM uses Celestron’s 
From: www.celestron.uk.com NexStar computer control technology, 
Type: Refractor which contains a database of over 
Aperture: 60mm 4,000 objects in the night sky. 

Focal Length: 700mm Aligning the telescope is simple with 


Magnification: 142x 

With winter right around the corner 
and our skies getting darker earlier 
and earlier, there's never been a better 
time to take up astronomy as a hobby. 
With that in mind, this month we have 
reviewed a telescope found towards 
the lower-end of the price range that 
still packs an observational punch, 
making it ideal for a beginner just 
starting out in astronomy. 

Straight out of the box you'll notice 
things are pretty simple. The entire 
assembly consists of mostly just 
the mount and the telescope tube, 
making setup quick and painless. The 
whole thing is light as well, making 
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the computerised functionality; simply 
follow the instructions using SkyAlign 
and within just a few minutes you'll be 
ready to input your objects of desire 
for observation. 

This telescope particularly excels at 
viewing objects in the Solar System, 
namely the planets and the Moon. It's 
able to resolve defining features on 
most, including bands on Jupiter, the 
rings of Saturn and fantastic craters on 
the lunar surface. 

This is a great all-round telescope 
for those who are just starting out 
in astronomy, so it’s definitely worth 
considering if you're looking to buy 
your first telescope. @ 








T | it very portable. If you decide to set Two eyepieces are 
e escope up indoors, you'll have no problems supplied with the 
carrying it to your garden or elsewhere telescope, one 9mm 


and one 25mm 
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1 Book 
= ears Shuttle: A 
wit tay 
1981-2011 
Cost: £29.99/$45 
Get it from: spaceshuttlebook.com 
This compilation looking back at 
30 years of the Space Shuttle is 
the perfect commemoration of the 
spacecraft’s lifetime. In the book, 
graphic artist Luke Wesley Price takes 
us on a stunning photographic history 
of the iconic vehicle, showcasing 
some of its defining moments. The 
vivid photographs are presented in 
gorgeous high resolution, with entire 
pages devoted to images of the Space 
Shuttle alongside jaw-dropping vistas 
of Earth. From the inaugural test 
flights of Enterprise to the final flight 
of Atlantis, Price excels in his ability 
to weave a tale through selection of 
imagery alone. A must-have for all 
Space Shuttle fanatics as well as casual 
Space enthusiasts. @ 


www.spaceanswers.com 
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Susie sourney 1901-201! 


2 Binoculars 
Per ak elite 
10x50 

Cost: £569/$540 


esis icant 


The Granite 10x50 binoculars are an 
excellent choice for someone looking 
for a high-quality pair of binoculars 
for astronomical observations. The 
magnesium-made body is both tough 
and lightweight, while the multi- 
coated lenses provide excellent light 
transmission, so you'll be able to see 
gorgeous crisp views of things you 
observe. The images also remain 
Joba pea lcdsl mpi mcOmeslemaelocRe) ma ale 
lenses, meaning no fuzziness around 
the sides. They're also waterproof and 
contain rubber grips, making them 
ideal for taking out and about. It’s the 
image quality, though, that really sets 
these apart from cheaper binoculars, 
so give them a go if youre looking to 
upgrade or purchase a high-quality 
pair of binoculars. @ 


LHE o 
are 
uit bib a 
eos Te 


CPi ae 

Te 
Cost: £489/$790 
Get it from: celestron.uk.com 
This excellent spotting scope might 
ee tea'a: alld e epee cm Ui cM Oman mle 
if you're looking for an exceptional 
scope with almost unrivalled quality. 
The five-inch (127-millimetre) 
aperture of this telescope does a great 


job of capturing light from various 


astronomical objects, specifically 
coming to the fore during lunar 
observations. The C5 also comes 
with endorsement from NASA, as it 
was the telescope of choice for many 
Space Shuttle missions. Weighing 
about 2.7 kilograms (six pounds), the 
C5 is well built but also portable. It’s 
also designed for photography, with 
a T-Adapter and T-Ring available for 
SLR cameras. Just make sure you get 
yourself a sturdy tripod to support 
the scope, and all in all you'll have 
yourself an excellent piece of kit. @ 






el 
The rhe 
tute) 
Cost: £10.99/$17.75 
ee eee ene ene 
This book from co-presenter on the 
BBC's The Sky At Night, Dr Paul 
Abel, is perfect for the aspiring 
astronomer. The book is designed to 
help astronomers to take notes while 
out in the field, while also providing 
some key information. At the start 
of the book is a month-by-month 
section, So you can jot down what 
things to observe throughout the 
year. The crux of the book focuses on 
observing, providing space for you to 
write down what you have viewed, 
and when you saw it. It’s a useful tool, 
and it’s also good practice so you can 
add some order to your astronomy 
viewings. All round it’s a great 
book for amateur astronomers and 
something those just beginning the 
hobby would be advised to get. @ 
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in a Celestron | 
telescope — 


Get your hands 

on this excellent 
eoanlsultosice! 
telescope in this 
issue's competition 


The fine folks over at David Hinds (www.celestron. 
“uk.com) have supplied us with a fantastic computerised 
telescope for this month's competition, the Celestron 60 rei 
You can read our review over on page 94. 

Boasting fully coated glass optics, a simple design, NexStar - 
computer control technology and much more, the 60 LCM 
is the perfect scope for anyone looking to get involved in 
astronomy, or even a current astronomer “a to upgrade. 









Asie 


£230 


“TELESCOPE 
















Enter online at: 
spaceanswers.com/competitions . 


Visit the Space Answers website for full terms, conditions and specifications. 
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From model rockets to providing eer you ome need to Ely rockets. 
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SHOWROOM OPEN 6 DAYS A WEEK & ONLINE 24/7 


’ Great prices / Friendly service “ Beginners Welcome 
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16 Breydon Walk, Furnace Green, Sussex RH10 6RE 
Mobile: 07973 545475 Tel/Fax: 01293 517857 
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It’s big on performance . OFFERS! 
as a grab‘n go visual / "i ASTRONOMY ie 
astroimaging/ guiding 


f6, 2 kilo doublet refractor... 


The only thing that’s small a 7 Unit Re The Old 1h LP Brook Reet 
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Does Astronomy Fascinate You? 


Let us show you the wonders of the Universe in our beau tft Ul dark 







skies. The Planets, Star Clusters and Galaxies or even an Aurora 
are waiting for you. Our courses can also take away the mys 5p y of 






buying or eng q atelescope. Suitable for all levels of experience. 







We offer: * Telescopes up to 400mm 
¢ B&B style accommodation and evening meals a 
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courses, from complete beginner to 
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first-year university standard, including RANGE tie ) fo | 
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for each completed course. Of paramount 
Importance to us 1s the one-to-one contact 


When only the best will Po 





students have with their tutor, who is easily > \\\— ae i METAL RED TORCHES £12.95 
} accessible even outside of office hours. -_ . — ND96 MOON FILTERS £8.99 


LIGHT POLLUTION FILTER £18.95 


siti Oe oe ee eee ee a Call 01932 703605 until 5PM six days 


Offers subject to availability & prices subject to change without prior notice 
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Edwin Hubbleis seen here Te 


the 100-inch Hooker telesco 
Mount Wilsonin 1923, 


Edwin Hub 


How one of the world's greatest 
astronomers shaped our 
understanding of the universe 


Edwin Powell Hubble was born 

20 November 1889 in Marshfield, 
Missouri, USA. He moved to Illinois 
in 1900 and was an athletic youth 
who favoured sports over science, 
becoming a gifted athlete in various 
sporting pursuits including baseball 
and basketball. 

He was a strong student 
academically as well, and in 1910 
he graduated from the University of 
Chicago with a bachelor of science 
degree, his studies having focused 
on mathematics, astronomy and 
philosophy. He then travelled to 
England where he spent three years 
at The Queen's College, Oxford, before 
returning to his family's new home 
in Kentucky to care for his mother 
and siblings following the death of his 
father in 1913. 

Hubble's father had long requested 
that he practise law over science, and 
Hubble had done so until his return to 
the USA, when he found his interest 
in law waning. At the age of 25, after 
a brief stint as a teacher, he decided 
to focus his efforts on becoming a 
professional astronomer. By 1917, he 
had received a PhD in astronomy 
from the University of Chicago after 
studying at the Yerkes Observatory. 
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The completion of his PhD was 
hastened, however, as Hubble would 
soon volunteer for the army when 
the United States declared war on 
Germany in World War I, quickly 
rising to the rank of major. Following 
the end of the war he picked up his 
studies of astronomy in Cambridge for 
a year before being offered a position 
at the Mount Wilson Observatory near 
Pasadena, California. 

At Mount Wilson he was given 
access to a newly built 100-inch (2.5- 
metre) telescope, the most powerful 
in the world at the time, called the 
Hooker telescope. In 1923, he trained 
the telescope on a particularly hazy 
patch of the sky that appeared to be 
a star cluster in our galaxy. However, 
measuring the distance to this cluster, 
he realised that it was not a part of the 
Milky Way but an entirely new galaxy 
that we know today as the Andromeda 
Galaxy. This would be one of Hubble's 
most groundbreaking discoveries. 

Up until that moment, it had been 
thought that the Milky Way was 
the extent of the cosmos. However, 
Hubble's discovery that we were 
just one of many more galaxies, 
later calculated to number in the 
billions, completely changed our 





understanding of the universe. Hubble 
found galaxies of differing sizes 

and distances that challenged our 
preconceptions of the cosmos. It was 
akin to finding that the Solar System 
was not the extent of space, or that 
the Earth was not flat; we were but a 
small part of a small system in a small 
galaxy in a giant universe. 

Towards the end of the Twenties 
Hubble had discovered enough 
galaxies that he was able to compare 
them to one another and create a 
classification system, known as the 
Hubble tuning-fork diagram, which 
grouped galaxies into ellipticals, spirals 
and barred spirals. 

Together with his colleague Milton 
Humason, Hubble studied the spectra 
of 46 galaxies to make a further 
groundbreaking discovery, namely 
that the galaxies were all moving 
away from us, with those further 
away moving the fastest. He correctly 
deduced that this was due to the 
universe expanding. He estimated 
the expansion at 500 kilometres (310 
miles) per second per megaparsec 
(one megaparsec being about 3.26 
million light years), a value known as 
the Hubble Constant that we are still 
refining today, although we now know 
it to be much less. 

Hubble's contributions to astronomy 
and our understanding of the universe 
were astounding. He passed away on 
28 September 1953 in San Marino, 
California, but his legacy lives on in 
numerous ways, no more so than 
NASA’s Hubble Space Telescope that 
launched in 1990, named after the 
great astronomer himself. @ 
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Physics—Made Clear 


Physics is the fundamental science. It explains how the 
universe behaves and gives us an extraordinary power 

over our world. Which makes physics sound like the most 
complicated subject there is. But it isn’t. In fact, physics is so 
simple that anyone with a willingness to learn can grasp its 
unlimited wonders. 

In 60 enthralling lectures, Physics and Our Universe: 
How It All Works proves that case, giving you a robust 
introduction to physics using nothing more advanced 
than high-school algebra. Noted physicist and Professor 
Richard Wolfson’s lectures—intensively illustrated with 
diagrams, animations, graphs, and other engaging visual 
aids—introduce you to scores of fundamental ideas 

related to Newtonian mechanics, oscillations and waves, 
thermodynamics, electricity and magnetism, optics, 
quantum theory, and more. 


Offer expires 13/01/14 
0800 298 9796 
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Course no. 1280 | 60 lectures (30 minutes/lecture) 


SAVE £60 
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+£2.99 Postage and Packing 
Priority Code: 87215 
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Great Courses is a highly popular series of audio and 

video lectures led by top professors and experts. Each 

fe) Me] O] Malt [a\ ee lOO Rael eee mice retell ear tyler 
experience that will change how you think about the world. 
Since 1990, over 14 million courses have been sold. 


OO cei eee MOM ete ule Eells 
ert ee ue eesti 
See www.thegreatcourses.co.uk for details. 
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lf you're looking for a dual-purpose telescope appropriate for 
both terrestrial and celestial viewing, then the AstroMaster Series is for you. 
Eacn AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Series produce bright, clear images of the moon and planets. 
Even the moons of Jupiter and the rings of Saturn can be easily seen with 
every one of these fine instruments. For views of the brighter deep space 
objects like galaxies and nebulae, we recommend the larger aperture and light 
gathering ability of the Newtonian reflectors. 


* For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at}www.hama.co.uk/products/celestron 


